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Summary of power utilized on the tributaries of the Missouri river.

Stroam, Tributary to what, State. County. Kind of milL, ﬂ‘;’&ﬁ’f: m"f (i):‘:]c}d,
Foet,
Sundry strenms ..o een PR [ 5 1111111 ) MR Aontanatertibory. [vec e i iarasenassscans|snmnnrsenncroceanereicrraa., 24 7154
Do B Wyoming  torn- (oot e e vememremmnaaas 2 25
tory.
Small streams avvevreineviens R R Duolkota torritory.. 4 6l
DRlOt e arreemescaneannnnanaleaes el ¢ 473
Vermilion.cueaiinininancnnna, Cene vaendlo e [ 5
Dig Sioux and tributaries ....[.... anom territory 10 1504
(mpinly).
JE 11§ SRR R [ P TOWheremnaa s, 2 a9
Tittle Sioux and tributnries .| .o @0 ceceaceerenanenns [ .do 21 AN
BOMUOT w e veenrveerernneranese .- ..do 2 1
Boyer and tributaries ........ e ceflo alen i 9 704
Tletto and tributarvies co...... weeill0 sianadienacnsareneereas]| Nobraska and 8 1, 0094
Colorado.
Littio Nemalt . ouvvneennen. B L N Webraski,e.. ... 0 i}
Smnll sbrenma . o.vivivinun.n.. T £ TOWH araeeianranns 7 ]
DO trieraeeienirana S Nebroskt...oww.. 21 2033
Nemahn and tributavies ...... BN PR { Nebragka (mainly) 14 130§
Nishnabatonna and tributaries |, .. Towa (mainly) .... RY 210
Big Carkio and tributaries... ... Missourt and Towa § 40
Nodaway and tributarvies. ... |. .. PN [ RN 18 150
Pladto and tributaries ........ cen RSV | 1) R 2 209
Tansns aud {ributnries. ...... e Konsas and Ne- 145 1, 345
bragks,
Grand and tribataries........ cens Missowri and Jown|.owcaevacanne. [N S ermanesiunaeaans a7 200
Chariton and tributarjes ..... o B . Y ]
QOusagoand tributnrics ........ . Missouriand Kan- 68 T}
[N
Gasconade and LEHULIES. .| oo 0 eeneeeririinernanennns BL) SETTOIN S J S PN PR 23 ol
Small strenms ... L R TANSAS «ennnranas Y R PR 1 15
Doeeiiniannnn, wamemenin R [ R (RPN I 5 T:TTEI1V 2 SR (R p SRR FRON Seemmsusntranreas canaes 16 “IR%
TOHAL F0T £110 DSSOULT Lomnvenvensan carersesaseennonesloonannrosns TR I SR A ererie—— N R Y™
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V.—THE EASTERN IOWA SLOPE.

The section thus designated lies east of the water-shed line, which, passing southerly through JTowa, divides

the basin of the Mississippi from that of the Missouri.

The principal streams are as follows:
1 )

L]

Square miles.

Maguoketa rivor, drainage ATC0 « o vee v e trerme caeirs cete s mn e b aesete it caanaaman menan gabann s

Wapsipinicon river, drainage area . .ooooaal. . ceam e e remnme e e .

1,001
9,563

Towa river, ATaiNaZe AT08 cvoave i r e inin et urenreacee tnnn tranen cminsmnnnsannesranss ronnneannnanvnonsnrnee 12y 510

Skunk river, drainage aves ..... N emmavemaaaaas e ememeereaems aann v enans ceeereeanann

....... T E R TR

4,400

Des Moines river, draiiage DO oadee ceeves iries s vauein cenrae cotnes cennvacnanancecerrasnasenanssennneenes 3,078 . .

35, 005

I omit from this list the Turkey and Upper lowa rivers, which properly belong to eastern Iowa, but were not
within the district assigned to me for examination,

The Upper Des Moines and Cedar rivers drain limited arcas in southern Minnesota, and the lower valley of
includes a narrow strip in northeastern Missouri; otherwise the basins of the streams to be
considered are within the state of Tewa. The surface is usmlly an undu]mtm g prairie, hut in some localities, as to
approaches a level ; there is only & small percentage of timber, and that exists
bc‘mttered over the upper basing of the rivers are many natural ponds
As shown by the counrses of the streams,

the Des Moines

the west of Fort Dodge, closely
mainly as fringes along the wmter courses.,
of small size, and occasionally there is a lake of several square miles area.
the country has a general deelivity to the southeast; from Spirit jake, in the northwest, to the mouth of the Des
Moines, the average amount of this declivity is 4% feet per mile,

its 900 to 1,000 feet above sea-level, the altitude of various points being shown in the accompanying table «
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EASTERN IOWA SLOPE. 85

Altitude of points on the castern Towa slope.

Loeality. ﬁ}&"y‘:s’\‘ Authority and remarks,

w Grent ' water-shod Teet.

Spirit lake, high ground NOAT oo eenirriiiriiiierreaaa e 1,793 | Geolugy of Tnea.

Summit batween Receoonr.and Little Sionx rivers.ccovecieeaan. 1,480 | Geology of Towa. 1llinois Central railvond lovols.

Tip-top station, Chicago and Northwestern vailway....oooe.. .. 1,441 | Geology of Yows,  Chieago and Northwestern railway levels,

Summiit of Great WatorsRel . oo vvanrr cevaceramcesacanasies 1,481 | Geology of Towe.  Lrom Tevels Chieago, Rock Taland and Pacifle railway.
Intermediato:

Codar Rapitls covnetimniiin i it iarane sr s n s as s 21| Geology of Towe, Water surfueo at Chicago and Novtlowestern railway erossing,

Marshalltown .eee e 610 | Geology of Towe.  Rails Chicago und Northwestern raflway,

Des Moines cevvunann 786 [ Water aurfaco by old snrvey,

FOrt DORER cvvnnavevtcan i ivasice et rancans s ans 1, 687 | Water surface ot IHnois Centeal vallroad evossing,
Missigsippi viver:

Mouth of Maguoket PIVer. vavin vt eei i iia imeeeeavera e 572 1 Tavels of Major Fovguhar, connecting with Lnko Michigan,

Mouth of Wapsipinicon river ... 650 Tao.

Mouth of Towa river.ceevneiniaes 6o T,

Month of Skunk 1hver.e . ee vevssnnns feeratasacncsinaearanrsass H05 Do,

Mounth of Des Molnes pver oevovviiiaiiiiianviiienn PR 476 Do,

Norg.~Elevations from the Geology of Toea havo boen corrected to male plunes of veforenco agreo in elovation with more recent detorminations,

The soil is of Drift formation and is very productive, yielding largely in corn, wheat, grass, and oats, According
to the Towa Agricultural Report for 1879, about 40 per cent. of the entive surface of the state was estimated to bo
still uneultivated. This percentage would be exceaeded, however, in the northern and northwestern portions of the
state, where the soil is somewhat less fertile than elsowliere, and settlomentless donso.  The Drift, which constitutes
the prineipal surface deposit throughout eastern Towa, is generally very thick, At many points it attaing a depth
of 100 feet, and is even 150 to 200 feet thick along the Great water-shed which separates the basing of the Mississippi
and Missonri rivers, Dot along the course of the Shell Rock river, in northern Towa, the deposit is said to be
comparatively thin, The material of the Drift in Towa is vsually eomposed of the finer constituents, and thevefore
offers no serious hindrance to agriculture; it has an important influenco npon the streams, inasmueh as it is well
supplied with springs, which contribute to the steadiness of their flow.  There is, in the latter respeet, o marked
contrast to the western Towa slope, where the Loess is eutively Tacking in springs.

Beneath the surface deposit of Drift are found the various roek formations, all stratified, and composed mainly
of limestones, They ara vither horizoutal or inelined at o very slight angle toward the south, They ave frequently
exposed in the beds of the streams, but do not create either abrupt fally or vapids of more than moderate piteh.
Bituminong- coal is foundd thronghout the lower basin of the ey Moines, and at various points east and north
valuable quarries of limestone suitablo for huilding have been opened, -

In the seetion under consideration the prevailing winds of the year are westerly, coming from tho northwest
in winter, and frowm the sonthwest, the rainy quarter, in summer. In the latter scason violent wind-storms, and
even tornadoes, are not wncommon, The summer rainfall is also sometimes excessively great, Thus, according to
the Signal Service observations at Des Moines, the rainfall in June, 1881, was 106.79 inches, or considerably more
than the usual amount for the entire summer. The average annual amount of snow in the southeastern part of the
state is 33 inches,

Lainfall and temperature, castern Iowa slope.

‘[From Hmithsonian recovds.]

Locality. Tatitwde. | Longltnde, j of?ﬁ?&}y-vu- Spring. | Summer. | Antumn, | Winton Tear,

e oo Tnches, Inches, Inches. Inches. Tnches.
Tt DoAE0 ceervennenroervnrsannnnans [ 42 31 04 12 4, 7.08 12,63 6,16 3. 14 20,90
Des Moines .. 41 80 03 88 4 i 18,18 7,03 3,10 20, 88
Independenco.. 42 4 L &7 8 8,58 12,00 0.98 4,05 92,30
Town City.veens P 41 37 01 80 15 10,67 | 1441 11,16 5. 6 41,78
THUDUIIO «eevervamnannennnstenenen onmnnsnsennassennsimnrannssassnnes 4280 | 0040 23 8.12 11.78 874 B, 07 33. GO
0K UK e esenereenanennnninsasssnnant snenn Crevassmrateienerinnisnnt 40 25. 01 24 4 9,18 16,49 8,07 8.60 43,24

TEMPERATURE, o a a © °
Tort Dodgo ... LRS! 04 12 4 12,57 73. 04 49,16 18, 07 45,94
Dos Mojnes ... .. . 41 26 03 38 4 49,99 71,80 48, 59 25,30 48, 04
Tndependenco e vueanenenssenninn. 42 20 o7 7 43.98 70,48 47,5, 19,18 45. 20
Town Clty .o ocieineiiirnecnnnaes 41 87 01 80 12 40, 23 71.26 40,62 22, 6 47. 45
DUDUUS 1evevernmrinmsnaereteanassasaasaranerasnneannssnnnas cervas 42 30 60 40 10 47,83 71.71 49,16 22,85 47.CO
TKOOKUK . wevveesaetnmmienasasnnsnanstnaesasces reensansanesnns vomns 40 25 01 21 2 50. 09 4.1 b4, 05 29,87 62,07
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86 WATER-POWER OIF TIIE UNITED STATIS.

The streams which arve to be deseribed already furnish power to o large aggregate number of {louring- and grist
mills, and at a few points on the Cedar, Towy, and Des Moines wanufacturing centers of some prominence have
been developed. A large amount of fall is still unimproved, however, but will doubtless be talen up with the growth
of the country in population and wealth. The Des Moines viver in particulary from ity size and the favorable
character of its bed, offers facilities for water-power improvements on an important seale. None ol these rivers are
navigable, but the Mississippi river, on the east, aud o nebtwork of well-equipped railway Hnes, furnish casy means
of commuuication with all important markets and sources of supply. Corn, wheat, and wool are close at hand;
iron, lead, and zine are easily obtained in Missoari, to the south, and Inmber is to be had from the north.

The rivers of castern Town are characterized by gentle enrrents and s usually well-sustained low,  The beds
are muddy in some sections, but are more commonly of' g avel, and display numerous exposures of roelk. The bhauks
are of moderate height, and are occasionally submerged during {reshets, Iligh water ocenrs during spring amd
garly snmmer, and is followed by a falling stage, with a minimum in late summer, fall, or, during a severe winter,
in the latter scason, ‘ ‘

In the absence of all records whatever of gaungings upon any of these streams, T have been compelled to rely
upon my own estimates of their volume in order to form some idea of the amount of power they are eapable of
furnishing. In making these estimates I have been largely gnided by o comparison with three other strenms——the
apper Mississippi, the Minnesota, and the Llinois, the volumes of which, as determined by government engineers, are
given below.  So far as possible, I have also taken into aceount the individual features off each river,

Lowacater volumes of the Mississippi, Jinnesota, and Ilinois »ivers,

[Drainage areas of the Misstasippt and Doy are as measured by Ar, James L Greeuleall)

i e
RAINFALL ON TRIRLTARY AUBA (AVLROXIMALTE.) : \v‘nl_un_n‘- n(n‘thh’l :
Ttiver and loeality. B ‘ e 1’:’::2\‘:)&\ ‘I‘:}'[“ﬂ{f“”’ seeond por Autlionty and remarks,
Speing. ; Summer, | Antimn, | Winter, | Yenr, wndl, VR 1
e AP i g e 1 i i 4 o 7 I Lt A b b, | AN T ) . 1 .o v v
MIBSISSINLT, . , 3
Inches. | Inohes, | Inches. | Tuches, | Inches, | Sy, miles. ;
Trenchman's Bar ... 0 10 G i 27 i, 84 G, 000 0140 '1'1;9\3:1.1,?imﬁm. l\\l(\;‘l‘lll\ull\id(““(;(0
[ ay 6o o 45, I Uhiiekly wooded nwd containg
Whabasha ... . . 0} 12 7 4 “e | 86,570 ) 10, 000 015y Inkes fnd swanie, The vol,

WVinonf..... . 6, 12 T 4 i 189, 256 11, 000 0186 [ umen heve given we tlum\, ashited

A forl 1ael int
) 4 I or lowswater disghargo in the gov.
Jolmsonsport. oot veeniiiianannns [ PO DTN PP R R R s W,000 L. sexeest L Lpuent wurvey. With ropard tothe
Bolow Wisconsin viver coveveevinanaan 7 12 7 KEY 204 7R, 605 17, 0 0, 816 lu\\'-\mtitir‘lim‘s duttuillnhtvd by that
" . o kP ary | Kurvey 8 stated that *extroame
51 P PTA 7 12 73 3y 30 184, 657 18, v 0,218 Joww wirter neenring during e wit.
Prineebon. ccucavsimniiaiiinnsnnarssaans 7 12 TA 34 M 187, H08 19, 000 0.7 ! tor nir] l'l'mlll iiculgnmmi h‘nn m])t \I»lwn
. . . ) 0 U comnddered in detormindng the low.
Rock TSN covrrremnerineameraeaionnns ki 12 7% ) Y g7, 800 10,000 G210 Cter line as b illﬂlll‘ll:fllli{ navl.
Barlington ..ooceiiecriinaneeiiaanin 7§ 12 i 4 i3 103,465 2, 0o 194 ! u\xug\«ill “l. [ rv]unl«lh‘\‘ Captain
. . Wl ons ! A Muekenzie, vorps of vigrineeis,
CRIEON v erevternstrannermsanienss 7 18 8 4 arg ] s 126000 e T A oot Gt

8 10T T4 10 8 4 11y 17,400 0, oy (U T) Luginecre for 1850,)
MINNESOTA, : :

2 5 ‘ X ! s Volmes as given inveport by Gonersl
oot Bl S10n6 THO vevarinerearnioanss 0} 18 I 20} 020 1 w012 R m,plﬂ o e o
Above Pommao de Lerre creek ..., [\ 12 i i Y o, G2 [H) [URD) i (S up]‘lmu'}l\ J.lllnfr]mrl (“l. il K.

o T o0 river ' f " ar 1 gfaeers 158 Theanvelnmes werne
Above Redwood river .coicasvniiin.n, 0} 11 o { 248 8, fid0 jivg 0025 mw“M”““]m\,,(,“t 1 el Teeds ol
Fort Ridgeley N 11} i I i “0y 0, ¥ ] 0. ke ; m-r\'tl«l. Tnt the Iri\'m" mny l’llul\‘v‘l«rvn

¥ . derap 0 . . s ! ever lowerat vther tmvs, 'l basin
.?b;)vo Big Cottonwood river..... s g: ﬂ :‘ 4 :‘::’i 1‘1" ::;:' Jtl'; ! (;' ()3:(: ; ol tlhlu Mim\lmnm mululilu:lo 1; naur«hll-
P R T4 T 1 SN ) 3 Hig L 040 wr o oo vrable nwmber of sl Inkes o
. N . 0 [ ! wittdds, o e Cew with nteas of 5 to
Telle Plaine . iy 1 b} k 2 | 10U | LA L 0.0 T it bt even nie - Flie
Above Littlo Rapids § . evnnevrnnnnnaens i1 11 i1 3 20 10, 600 1,424 0115 (,-uulnll'y iuli{aiu'lill)' lin\nlu«:wl Tintesw
oy . " oa - - X ) H LS ETHIREHE
Y TRVELTVTAR & & o 113 11 it h3 ug 15,80 | |, 1Ee | U, U0 }.;}xti‘:“l'cx»‘::{:(lwv.m‘“m' wmiixunpen
ILLINOIS, .
i |
L 10114 ) 114 1 0 8 it &0, 013 1,600 | 0. 055 Extrene Jow wirler as given hy Ma
: Jov (e T, Lydechen, corps of engi
| neers,  Dasin daneatior fiat praiv,
gwanpy toward the hemlwaters
Atmonth.cueevuonan Verreetraaeenrenes 114 n 0 8 04 20, 014 1,%50 i 0. 060 Qrainary low wader as given Iy Ma
] Jor Lydecker,

* Mouth Chippewa viver.

t Mouth Trempealean river,

1 Approximate.

§ Thirty miles from the mouth,

|| Observed November 286, 18067,

§f Concerning this stream Major Tydeckor says : * o Iinuls river is o vory flat strenm, and js fed mainly by the rainfall on o prairie conntvy (his bottmn-Eude
adjoining its bed arclow, and eut up by numerons kagoons ov Inkes that hold the water baek,  Excepting in times of freabet, ov after o long period uf heavy vains when the
Dbottoms are full, the water of vainfrlls is slow to rench the stream, and correspondingly sloggish in its movement o the month,  Again, tho water that finds its way
into tho viver above tho dams at Copperas creele and IHenvy (by which slacl.water s evented ont its upper portion) s held baelk in the pools ereated by theso
dams * v % ", Theavernge slope toward the month is about 0 15 foot per mile.
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Assumed rates of discharge for the castern Iowa rivers.

AEBUMED DIBCIHARGE IN CUDIO
RAINFALL (APIROXTMATE). FERT  LPER BECOND  PRR

BQUALE MILE,

N . N Deninago |~ . N
Stream aud loeality. ] | Rreh. 1Available temarks,
i I.ut\v- L“t“ - ton
i 3 . " i o water, | owater, :
Spring, | Bunmer, JAntumn.)] Winter. | Year, hedinarily] averngo u:lt(\)-lnl"llllm;l
dry vearh | year, V(z‘nrg(
| year,
Inches. | Inches. | Inches. 5 Ineches, | Imches, | Sq. miles,
AMaquoketa, b mouth oeeya..... 10 12 3 4% 50 1,02 0, 004 0114 0,172 | Basin s yolling praivie, covered with
Drift  Trequent voek oxposwres,
Wapsipinicon, at month ....... % 12 0y o 0 2, 68 0. 003 0117 0.175 | Drving rolling praivle covered with
Drift. Frequent rock exposures,
Ceilar, 46 MORH L auuee vrennranns 04 184 8y 43 96 7,716 0. 006 0.119 0,175 | Largely fed by springs, Driftis shol-
low in upper basin, and roek ire-
quontly expostd,
Towe, above Cednr v ovnvenn.-. 10 143 11 6 405 1 4,407 0, 062 0, 107 0,176 | Rolling praivie with Drift. Trequent

rock exposures,
Skunk, at month..eiarvenns .. 0 14 0} 4 36y 4,400 0. 001 0. 082 0,126 | Rolling pradrio covored with Drift, Not
much rock esposed, except in lower
course,  Stremn sald to e unrelinble.
5 14, 578 0,078 0. 000 0,185 | Trppor hasin slightly nndulating s Drifh
: woil of considerablo dopth, much less
eultivated na yet than in tho epatern
hart of tho state; vory little timbon,
ut region well supplied with springs.

Des Moines, at moutho.e s, 8} 18% [ 4 8

VIL—RIVERS OF THE EASTERN IOWA SLOPE.

CTHE MAQUOKETA RIVER,

The Maquoketa is tho first and most casterly of the streams whiceh I shall consider. It rises in Fayetie county,
30 to 35 miles west of the Mississippi, runs sountheasterly, and empties into the latter river in Jackson county,
approximately midway between Clinton and Dubogue. Itis 95 miles long Ly general course, and drains 1,921
square miles. This section is underlaid by Niagarva limestone, valuable quarries of which have been opened ab
Tarley, on the Illinois Central railroad. The rongh weathering of this stone has given the valley of the river quite
a wild and romantic appearance in places, The valley is not deep, howaver, being seldom depressed as much as
200 feot below the general level of the surrounding uplands, to which there is usually a gentle rise.

Blevations on the Maguokete river,

-y . .
er Tall Distanco Tall
Locality, ] ﬂl{)](;“‘é"g&’\‘ botween | botween | Tiotween
| PR points, pointa,* points.

Fect, ) Teet, Miles, It per mile,
I TS0 YU ) T 905 1y
333 87 3. 83
Mouth of rivery 572 5 5- :

*Map measuvement.
1 Low water at THinois Contral vailvond erossing,
{ Low water in Mississippl river, by lovals of Major Farquhar, connecting with lake Superior.

The Maquokaeta is said to be a good stream for milling, and is so employed to a moderate extent by flouring.
and grist-milly, & summary of which is given in a subsequent table. The railroad facilities are good, and below

Manchester the stream is at no point distant more than 7 miles from some line, and is crossed at soveral localities.
The prineipal towns are Maquoketa, population abount 2,5600; Monticello, 1,900, and Manchester, 2,300.

an
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Estimated volume and horse-power of the Maquoketa river.

LOW WATER, OWDINA- | LOW WATER, AVERAGE § AVAILABLE 10 MONTHS
RILY DRY TEAR, YEAR. IN AVERAGE YEAR,
Locality g Theoretioal Theoxoti

. aref. Volume, T hlnl?)ll ;‘g.cn Volume, Lhﬁgll:ggwnl Volame, Th]n(r)n:otmal

cubio im\t{l ower, 10 culie feot YOWor ‘10 cuble foot T)‘){‘,}‘iﬂio

. 8O0 '
porsecond. | 4y Lo Jpor socond. vot iand, §rer second. feet hoad,
8. miles, :

380 30 KE! 40 45 60 G4
642 50 i 70 80 110 195
At Maquoketa, nbove North TFork.. 905 00 102 12 138 170 194
Atmouth,ccevvicineannns . v eeaereesannana cann rieresnieeacannann 1,621 180 204 220 a5 480 e
North Forke, at month ..o cciiineriimnacennees [ [ 630 40 45 70 80 100 14

THE WAPSIPINICON RIVER.

This river lies next south of the Maquoketa, and is remarkable for its long and narrow drainage basin, The
latter contains an area of 2,568 square miles, and is 185 miles long; yet its width is only 10 to 20 miles, till, within
o shovt distance of the moutl, it widens out to 25 miles, Draining so narrow a strip, it receives no important
tributaries, and is probably subject to less rapid rise and fall than it would Dbe if the area were more extended,
since, during a generally-prevailing storm, its accessions are not concentrated, but quite uniformly distributed over
the whole course. Still the Wapsipinicon is liable to important oscillations, and during the heavy raing of June
overflows its banks, in the lower course at least, thongh not commonly to a dangerous extent,

The source of this stream is in sontheastern Minnesota, only a few miles above the Towa boundary; enterving
Towa, it runs sontheasterly and joins the Mississippi 10 miles sonthwest of Clinton. The upper basin is underlaid
by the Devonian formation, but below Buchanan county the course of the river is over the Niagara limestoue,
The valley is, in general features, like the valleys of the Cedar and Maguoketa rivers, which adjoin it on either
side. In the vicinity of Anamosa itis quite narrow and picturesque; the bed and banks are roeky, the latter rising
to a good height and frequently running abruptly up into bluffs. :

The Wapsipinicon is a good milling stream; its firm banks, and the frequent exposures of rock in its bed, are
favorable to dams, and the flow is quite steady and well sustained. This part of Towa is well supplied with
railroads, but above Anamosa they usually cross the basin of the river at a large angle, and do not, therefore, give
as good facilities as are enjoyed by the lower river, where the immediate valley is followed more closely. The
principal towns are New Hampton, population about 1,100, near the upper waters; Independence, 8,700, on the
middle course; and Anamosa, 2,100, some 40 miles, by general course, farther down.

The slope of the stream is approximately as follows:

Siope of the Wapsipinicon river,

Mo Trall Distanco Tall
Loeality. 3‘1}3:32?3 between | botween | hotween
} 1 points, points.” points,
Teet, Feet, Miles.  |Ft.per mile.
. Independencot cooaensn 887 108 05 2,08
Noar Whontland ?.... . 68D n
Mouth of viver§...ooooiieeiiiiian, 650, 130 40 .25

*Map measurement.

 Low water at Illinois Coentral railvoad erossing.

1 Water surface at Chiengo and Northwestern railway erossing,

§Low water in Mississippi river, by lovels of Major Frrvqubar, eommecting with lake
Supevior,

The use of this. viver for power is econfined almost entirely to flouring- and grist-mills, of which a considerable
number are scattered along its course. The highest privilege in use is said to be employed by a little saw-mill
near the Minnesota line. Between that point and Independence there ave flouring-mills at Martinsburg, Tripoli,
Chatham, and possibly at one or two other places.

At Independence the river is 150 to 200 feet wide, with banks 6 to 10 feet high. The Independence flouring-
mill is one of the largest on the river; it has 9 feet head, and nses 100 horse-power. The dam is leaky, yet only in
very dry seasons is any trouble experienced from low water. The owner of the privilege thinks that with a tight
dam it is good for 200 horse-power eight months in the year, and for 100 horse-power practically all the time, I
estimate the power as below: :
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Bstimate of power at Independence.

y ‘Theoretical
Stajzo of xiver, Drosnago | R horst.
* pursccond, feet lm‘nd.
Kq. miles.
Low water, ordinarily dry $ear o eerenenenan l f 90 02
Low Water, AVeINZ0 YT vusuwus vaernaraneesaeanen .1, 036 110 ng
Availablo 10 months in Average yeur. voeue vereen J [ 100 104

Below Independence there are reported to be 8 flouring-mills on the Wapsipinicon, most of which carry three
runs of stone each. Tho dams ave of varied construetion, brosh, framed, or stong, according to the local character
of the river bed. They have stood well in most cases, the chief trouble being from ice; freshots, and, in two or
three instances, undermining, have also wronght injury.

Near Anamosa there ave valuable quarries of wmagnesian lmestone.  Tho river is about 150 feet wide in that
seetion, and has & good current. Doane’s flonring-mill at Anamosa has 7 feet head, carries three runs of stone,
and is ablo to run at full capacity throughout the year. The proprietor thinks the privilege would earry six runs
of stone in an ordinary low stage of water.  Very little hindrdanco, Jasting not more than a few days, is experienced
from baclwater. The dam is an old strucrure, part crib-work and part brash, the wholo ballasted with stone. Tt
is about 200 feet long, 7 feet high, and rests upon a rock ledge; one end abuts upon a rocky bank and the other
upon a masonry abutment.

Lstimated volume and horse-power of the Wapsipinicon river,
; )

LOW WATER, ORDINA- | LOW WATER, AVERAGE | AVAILADLE 10 MONTH3

RILY DRY YEAL YEAR IN AVERAGE YEAR.
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T TOWA RIVER.

The Towa and its tributary, the Cedar, are by far the most important streams in Jowa so far as regards the
extent of their employment for power. The former drains 4,467 square miles above its junction with the Cedar, while
the basin of the latter measures, down to the same peint, 7,715 square miles. The Cedar is, therefore, much the
larger of the two; nevertheless, below their junction the main river takes on the name of the smaller stream, and
is called the Towa. (@)

This river rises in ITancock county, in northern Iowa, and flowing southeasterly enters the Mississippi in Louisa
connty, Its coursoe i quite crooked, and disregarding the minor curves measures about 215 miles in length from
sonrco to mouth, Its own Dasin varies from 12 to 35 miles in width, being rather narrow above Marshalltown, while
below that point it broadens out. The country is well cultivated, and has a comparatively thick settlement. The
more important towns on the river, with their populations in round numbers, are as follows, beginning at the mouth:
Wapello, 900; Colwnbus Junction, 800; Towa City, 7,100; Marengo, 1,700; Tama, 1,300; Toledo (3 miles from the
river), 1,000; Marshalltown (near river), 6,200; Eldora, 1,600, and Iown Fallg, 1,000, The riveris crossed at frequent
intervals by railways, and, except ab the extreme headwaters, is nowhere distant more than a few miles from some
established line. . _

As stated by Dr. White, the Towa rises “in tho midst of a broad, flat or slightly undulating Drift region. The
first rock exposed in its valley is the sub-Carboniferous limestone, which oceurs in the form of rocky banks to the
stream in the southwestern corner of Franklin county. The river then enters Hardin county, and cuts across the
northeastern corner of the Towa coal-field in a sontheasterly diveetion, and enters the region of the sub-Carboniferous

a Above its junction with the Mississippi, the total drainnge aren of the Iown river and its tributaries is 12,519 squave miles,
' 373
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limestono again, whicl it crosses, continning in the same direction, and enters the region of the Devonian strata
near the southwestern corner of Benton county. It continues in the region oceupied by the Devonian vocks all the
way to its confluence with the Cedar.”

The bottom-land bordering the stream varies greatly in width., At Towa Ifalls, on the upper river, the valley
sides close in, and there is scarcely any bottom. Tho bed and hanks are there rocky, though muddy in the
neighboring sections above and below, TFrom Towa Falls to Eldora, 14 miles by straight course down the river,
the Lanks are generally low, The river is about 100 feet wide at Marshalltown, and 300 feet wide at Lowa City,
Trom Tama to tho latter point the valley is generally narrow, with blufty sides, but widens out. at Coralville, just
above Iowa City. Over the section just mentioned the bed is usually rocky. The Drift which covers this region
is well supplied with springs, and these give the river quite a steady flow and sustain it daring droughts. Tt
nevertheless happens onee in two or three years that, during an uncommonly dry season or severe winter, the supply
of water is greatly curtailed and the river runs low. The bottom-land is occasionally submerged durmg tho high
wator of spring or early summer; o {reshot rise of 10 feet has been observed at Towa I'alls, and a rvise of 14 feot
ot Marshalltown. At the latter point the Iowa formerly overflowed the bottoms every year, bub was reported not
to have done so for three or four years previous to 1881, For tho short period of extreme high water the mills on
the river are hindered by backwater.

Slope of the Lowa rviver,

"
Mo Trull Distanee Fall
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*Tow witer ab Iinots Conteal raflvond crossing.

1 Whator surtiveo at Chicago and Novthawestorn railway erossing.

1 Frvom Geology of Towa, Bod at Chioago, Roek Island and Paeifio railway crossing.

§Low wator in Misslssipp! viver, by lovels of Major Favqular, connecting with lake Superiov.

Trar the Jargest employment of power on this river iy by flouring-mills 5 still, at such points as Tama, Amang,
and Coralville are to be fonnd numerous concerns, of moderate size, devoted to various branches of n'enunl
manutheturing,

In Touisw county, on the lower river, thore is a single flouring-mill, using 9 feet head and 85 horse-power,
Abovae this point there is no use of power until Towa City is ronchcd whem Diotz & Hemmer have a fouring-mill,
with o log dam and about 4 feet fall.

The next improved privilege is at Coralville, « mile or twwo above Iowa City, and is owned by M. M. T Close
The dan was built in 1868, is 800 feet long, 9 feet high, and has rock abutments. The bed is rock half-way across
the stream and quicksaud the remainder of the distance. The dam is o framed structure, with four sets of biraces,
and is ballagted with stonej it is provided with an apron of crib-work, planked over. A head of 9 to 11 feet is
obtained, and the followmg milly are supplied with power : (¢) One paper-mill, manufacturing wrapping-paper and
straw- bom‘d, and using say 250 horse-power; one flonring-mill, with four rung of stone nud 0 horse-power; one
oatmeal-factory, with G0 horse-power, and a capacity of 2,500 bushels of oats per day.

Once in two or three years the river runs very low, and the mills are then linble to be shovt of water for perhups
two wmonths; bub ordinarily the supply is abundant, and more power could be furnished than is now used.
Trouble is experienced with backwater for two to four weeks in the year,

stimate of power at Coralville,

Th(mrmi«:ul ’llm(m'tiu.ll
Volume, Lorso- hovse-
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a The horse-powers given are the estimated amounts actually cmployed ; the rated éup'tmbm of the wheels are considerably greater,
and are, in the agaregate, 693 Lorse-powor ab this privilege. The paper-mill also employs 200 horse-power of steam as supplementary.
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The next power employed is at Homestead, on the Chieago, Rock Island apq p
northwesterly from Towa City, and is owned Dy the Amana Society. Water is brought, 7
feet wide, and supplies mills located at distances of 5 and 7 miles, respectively, fp,
follows: )

acific railway, 18 miles
miles, through a canal 65
om the head, with power as

Ono starel-faetory, 8 feet fall vuo et oo r i i e e e e Torse-power.
T B O B S U 40
Ouusuw-mill,Sfeut.I‘nll....“.......‘................-_..._..........._._..........____.: """"""""""" 40
One woolon-mill, 12 feet fall. oo v ienr iaiin i es e e emwme e nmnn ey L "" 49
One gristamill, 12 feat falleeen o oinciiaiieii i oaes et wath e imm e teen e . Trrreeseseeoeeeees 6
One saw-midll, T feot fall i e i ea e s s va e e e ,: """""""""" 118

N T ) P -

Water is diverted into the canal by a dam at the head, built of brush and stone. It is 220 feet lono, 44 feet
high, and was constructed in 1868, The privilege is consicderad to be good for 300 effective hbrse-powert:,e\:en in
cold winters wlhen the ice is very thick, By methods previously explained, U estimate the power as helow:

Estimated power of Towe viver ab Jlomestead,
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At Marengo there is a brash dam 5 feet high, from whiclt water s carvied, through a canal three-quarters of a
mile, to & flonring-mill of three or four runs.  There is no other improved site below Tama. At that place several
establishments are supplied with power, water being brought 33 miles through a canal 30 feet wide and 3 feet deep.
At the head of the canal is a dam, which was built in 1830 at & cost of $2,000 to $3,000. It is 300 feet long, 3 to 4
feet high, and rests upon a hed of quicksand, which by actual sounding has been found to be 50 feet deep. TFor a
foundation, rows of piling were driven and filled in with Lrush, On this substroeture rests the dam, which is a.
framed structure {1ed in with stone.  The apron is built of logs, resting upon the same foundation as the dam,
and having o slight upward slope away feom the latter. Mo canal, or race, which conveys water to the mills, is
provided, at a distance of w quarter of o mile from the dam, with a heawy timber guard-lock. It also has waste-
gates where it erosses Doer ereek. It enlarges at one point to a reservoir of 20 acres, and ends in another of G0
acres having a maximum depth of 1.4 feet, A head of about 22 {eeb iy availuble at the mills, thongh at the time of
my visit only 1< feet was being used.  There are six establisliments, nono of more than moderate size, and devoted,
respectively, to the manufacture of flour, paper, sash and blinds, agricultural implements, tubs, and wind-mills.
About 128 horse-power is in use altogether, and in the dryest soasons there is a large surplus of power. It is said
that the privilege has Deen estimated to have a capacity o’ 600 horse-power in the lowest stage of water. I could
leaen of no regular charge for power; the flouring-mill pags $1,200 per annum for 40 horse-power, with the
privilege of using it 24 hours in the day, the water-wheel being furnishied by the lessor.

The enterprise was started about the year 1875, and has had an unfortunate history. Owing to the scour of
water holow the dam the old structure foll in with almost yearly regularity, and then had to be repaired, either in
whole or in part. This was not only & source of expense, bt it tended to {righten manufactarers from going there
to locate, * The raco banks were not given a sufficiently flat slope to provent them from washing, and the wooden
flumes at thie end of the race are said not to have been properly constructed. The development of the power is
reported to have cost in all over $100,000. The original company failed, and the privilege came into the hands of
My, Prrley Stavr, of Brattleboro’, Vormont, who still held 16 at the timo of my visit, but, as I was informed, would
like to sell for 35,000, the amount of his elaim. A citizen of Tama has offered to build & glam, fﬂld tO_ guarantee,
with proper security, that it shall stand. The present dam, which I have already desm_‘lbed, is consxdergd safe,
however. There is a considerable amount of surplus power to let, but no e¢fforts are made to induce the estal?lxshmeut
of now concerns.  The privilege is very conveniently sitnated, the mills being but & Tittle way from the Chicago and
Northwestern railroad. It is stated that they have no trouble from backwater, and on that account are able to run
when most other mills on the stream aro stopped.

a Amount actunlly used estimated at 270 horse-power. a15
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Estimated power of Iowe viver at Tama.

Volnmo [Theoretieal Theoretical Theoretical
Drainage | incnbic horse- horse- ‘ horse-
are. feet per nower, | power, 10 | power, 22
fecond, | foot head, | Teet head, l {eet head,
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Thera ave two other flomring-mills on the river in Tama county besides the one mentioned at Tawma City.
Proceeding up stream and entering Marshall county, we find mills at Le Grand, Quarry, and Marshalltown. At
the Jatter point the valley is perhaps o mile wide, and the river itself measures 11)0111, 100 feet neross. Power is
used at Marshalltown by the Woodbury mills (louring)., The dam was built in 1877, and cost about 1,300, It is
144 fect long, 6 feet high, and is & framed structure, resting upon a rock ledge and provided with an apron of erib-
worlk ballasted with stone. The water is set bacle up the river a distance of 24 to 3 miles, The mill carries five
rung of stone, and uses 75 horse-power, nnder a hiead of about 6 feet. No trouble is experienced from low v water,
although there is not much surplus in that stage.  Backwater canses hindrance for from two to six weeks in the
year, and the ditficnlty is aggravated by the formation of gorges when the ico breaks up in the spring.

Advancing up the river from Marshalltown the remaining mills are Jocated, in order, as nearly as I can ascertain,
as follows: One at Union, one at Xenia, ono at Eldora of three rung, one at btemnbo'u, Rock of three runs, one at
Eagle City, two at Iowa lt alls, two at Alden Rapids, one at Alden, ono at Belmond, and one on the upper waters
in Hancoclk county. All these are flonring-mills, except the lower one at Towa Falls, which is a small woolen-mill,

The upper privilego at Towa Falls is owned by Messrs, Woods & Wright, and employed to furnish power to
o flouring-mill with threo rans off stone. The present dam was built about the year 1863, and is 130 feet long, with
a height of 14 feet abovo the river bed. In its construction heavy timbers, say 30 feet long, were laid on the rock
bottom in the direction of the stream, and at intervals of 10 feet. Bach was pinned to the rock at three points by
13-ineh ivon pins. The dam was then carried up as a crib-work, securely fastened together with iron pins and
carefully packed with stone. By building up the face faster than the back tho requisite slope was given to the
top of the dam, which meagnres 25 feet from the crest to the end of the back slope, and is heavily planked, At
each end is a stone abutmont, protected below the dam by piling. The structure has answered its purpose finely,
Before it was built three framed dams had been carried out by ice; in one case the timber braces projected too fay
in front of the dam, and, thongh 12 inehes squave, were snapped in two by heavy cakes of ice fallin g over the crest.
The mill-pond sets back one mile above the dam., There is a head of 104 feet on the wheels, which are of 35 horse-
power (tota]) Uceasionally, in o severe winter, the mill has been short of water, but this is said to have happened
only twice in twenty years, and on the average tlere is 6 inches of water running to wasto over the dam, - Mr.
Wright thinks the privilege would earry considerable additional machinery three-quarters of the year

Of the minor tributaries of the Iowa, English river is the most important. It heads in Poweshiek county,
whence it flows easterly to the main river, with o length, by general course, of about 63 miles. Its drainage area
i8 657 square miles. 16 decreases quite r: lpuﬂy in size abovethe montlh, but is deseribed as a good stream for powers
of moderate amount. There are three flonring-mills on its course in W A&,Iungton county, and three in Iowa county,
Bear creck, which enters the Towa from the west at Marengo, is 4 much smaller stream than English river, but
furnishes power to two small flonring- and grist-mills, ‘

I am uwnable to give the locations of available sites for power, still unimproved, on the XYowa river, though
numerous ones doubtless exist, OF the entire fall of 485 feet between Towa Falls and the mouth, only about 160
feet, or 33 per cent,, i3 ab present improved. The following table is o swmmary of the estimated power of the river
at different points in its course:

Estimated volume and horse-power of the Towa river, ’
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THE CEDAR RIVER. («)

This important stream has its sources in soutlieastern Minnesota, in Dodgoe and Freeborn counties, 20 to 25
miles above the northern boundary of Towa; entering the latter state it runs southeasterly till, in Louisa gounty, it
joins the Iowa river, of which it is the prineipal branch. It has alength, by general course, of about 220 miles,
and a drainage avea of 7,715 square miles. Tho surface of the country is o gently wndulating prairie, apparently
level in some sections, \Yith a 'moderuto amount of timber in the form of groves or fringes along the streams. Peat
b‘eds and m-m‘shes are found in thoe 1101'the,rn. counties, and thorg ave o fow lakes, of which the more important are
Clear lake, in Cerro Gordo county, Iowa, liaving an area of 8 or 10 square miles; and Geneva, Rice, Freeborn, and
Albert Lea lakes, in Freeborn eounty, Minnesota, containing 2 to § square miles each, The upper basin of the
river has a width of about 50 miles; the Jower basin iy much narrower, however, and below Cedar Rapids, in
southeastern Linu county, meagures only 8 or 9 miles across.  The principal tributary streams, in order from the
mouth, are Wolf ereek, Black Hawk creck, Beaver ereek, Shell Rock river, and Little Cedar river; of these the
Shell Rocelk, with a drainage area of 2,631 square miles, is mueh the lavgest.

The section dvained by the Cedar has a Drift soil, largely a sandy or gravelly loam. It is very fortile, and, as
a rule, yields well in corn, wheat, and other grains. Stock is also largely raised. Wheat has been the main
production in the upper Dasin, but it is said that frequent failures of the erop there of late years have led the
farmers to turn their attention to flax. The country is well settled, the entire population of the Oedar River basin
having Leen estimated at 874,557 in 1880, an inerease of over 83,000 sinee 1870,  The larger towns on the course of
the river in Iowa, from the mouth np stream, are Cedar Rapids, population about 10,000; Vinton, 2,900; La Poxte,
1,000; Waterloo, 5,600 Cedar Falls, 3,0005 Waverly, 2,005 Nashua, 1,100 Charles City, 2,400; and Osage, 2,000.
This region is intersceted by numerous and well-appointed railroads, The Cedar river ig nowhere distant more
than 6 miles from some line, and much of the way, especially in the upper half of its course, is closely skirted,

The entire course of the river is over the firm, compacet limestone of the Devonian formation, This stream and
its tributuries ave stated by Dr. White to have more numerous and extensive exposures of rock along their valloy
than either the Iowa, Skank, or Des Moines; the exposures usually appear as rocky banks to the streams,
sometimes as cliffy vising 20 to 30 feet above them, The fall of the stream I am now deseribing is moderate, but
it derives mueh value for power from the favorable character of its bed and banks, and its considerable and well-
gustained volume, The rock exposures appear to be most numerous in the upper half of its conrse, and are to be
accounted for in part by the hardness of the formation to which they belong; and also by the thinness of the
overlying Drift in the upper basin, rendering it an casy taslk for the streams to cut their way down to rock.
Although the river-bed contains so much roek, it is explained by Dr. White that, in consequence of its course
coinciding closely with the general trend of the Devonian formation, it meets with little obstruetion from them, and
no falls or rapids of importance are formod.

The comparatively steady flow of the river is doubtless dune to the general character of its Dasin, The Drift off
Towa is naturally well supplied with springs, and thus we find many spring-brooks feeding the upper Cedar; the
country is well settled, and the ground has heen, to a considerablo extent, broken up for agriculture and rendered
receptive of water ; and, again, the slight depth of the Drift allovs the water soon to find its way to the underlying
rock, wheneo much is shed into the water-courses without sinking to lower depths, Still, it must not be snpposed
that the Cedar is free from considerable oscillations, for it is certainly true that during an unusually dry summer or
severe winter its volume Dbecomes mueh reduced, Iigh water commonly ocenrs in June, but at Charles City, in
the upper waters, the rise does not exceed 4 foet.

The valleys of this river and its tributaries are rather narrow in the upper basin, with gently sloping sides
but below the mouth of the Shell Rock the valley of the main stream becomes, and remains, broad and shallow in
appearance, the horders whieh separate it from the uplands being indistinctly defined. The width of the river
increases from 150 or 200 feet at Charles City, to 400 ox 500 feet at Cedar Tulls, and about 600 feet at Cedar Rapids.
Its slope iy given approximately in the following table:” ‘

Llevations and slope of the Cedar viver,

e e s - e R e R
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! | points. | points.* points,
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Cedar Tallst coeevenennnnrneansvrnans 840
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104 1Y E .y
Coday Bapils].ceeeeianene vevreniaans 21 § 113 o 058
MOSCOWS evieiviiiiniecnr v Gul
Maseored ] L w 50 L65
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* Alap peagurement.
I Rtiver surfnce by Cedar Falls and Minnesot vailroad levels.
+ River sueface by Chicago and Nortlowestern milway lovels,
§ River surfeee at Clifeago, Rock Island and Pacific railwoy crossing.
| Low water in Mississippd, by Jevels of Major Farqubar, conneeting with lake Superior,

Norr—Tho elevations at Cedar Fnlls, Cedar Rapids, and Moscow are taken from Geoloyy of Towe, but with eltitudes of datum plancs correeted to agroe witlk
recent determinations.

a Also called Red Cedar river, Details given of improved powers on this viver are as gathered by Mr. Jumes L. Greenleaf, special agent.
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The developed powers on the Cedar river ave almost entirely devoted to the manufacture of flour, although at
.ono or two principal points other branches of manufacturing are represented to a small extent. The lowest mill
on the river is at Moscow, near tho crossing of the Chicagoe, Rock Island and Pacific railway, in northern Museatine
county; it earries about three rung of stone, and has a cheap brash dam, yielding a head of 43 feet. Between this
point and Waterloo, in Black Hawlk county, the only important improved power is at Cedar Rapids, There are
two flouring-mills at other localities in Linn county and one or two in Black Hawlk county, but from Waterloo to
the month the river is claimed to be, generally speaking, poorly adapted to improvement, on aceount of its slight
fall, width, and the lack of suitable sites. At Cedar Bluff, however, situated in the western part of Cedar county,
24 miles southeast of Cedar Rapids, there is said to Lo a very good loeation for developing a power, where, by
Dacking the river up 10 or 12 miles, and building some side dilkes to prevent overflow, a head of 10 feet may be
obtained. The privilege is consulcred a valuable one, and the improvement of it has already been diseussed
somewhat, At present it suffers the disadvantage of having no established railroad less than 6 miles away,  Cedar
Bluft is a small village, witl only about 100 inhabitants.

Sedar Rapids is animportant city of 10,000 inhabitants, and the interseeting point of several prominent railway
lines; it lies in the midst of a well-settled and fertile agricultural seetion. The Cedar river is there 500 to 600 feet:
wide, with low, gently-sloping banlks, and a rocky bed, over which it runs in rapids. A framed dam of timber
-extends at right angles across the river, and forms a pond reaching <4 or §miles up stream, and partly covering the

apids,  Trom either abutment o wooden guard-wall runs 73 or 100 feet along the side of the corvesponding race,
‘The raco on the right-hand side of the riveris short, and conveys water to a small foundery and machine shop
using 20 horse-power; power has also been used on that side by an establishment for the manufacture of sash,
-doors, and blinds, butit has recently been washed away (previous to June, 1881), together with the adjacent guand.
rall, thus causing o breal through which thoe water pours, but which will doubtless be repaired.

On the left-hand side of the river is the principal employment of power. A race 35 feet wide conduets water
to three flouring-mills and an oatmeal-mill, which was not, however, in operation when visited, These mills are
Jocated in a group along the race, and obtain a head ranging usually from 6 to 7 feet; it is even 8 feot ab times,
heing highest when there is a fair stage of water in the river. In severe winters the flow of the stream iy much
«tminished, but it is only in extraordinary seasons that the mills at Cedar Rapids aroe troubled by lack of water.
"Thero is, mdonbtedly, 2 considerable waste of water ab all times by leakage through various parts of the works,
Difficalty on aceount of baclwater is expericunced usually for two or three days in spring, but the hindrance
-ocenrs only in high stages, and is of short duration, as the water is quickly cavried off by the rapids below the dam.
The ordinary fresheb rise at the dam is said to be 4 or 5 feet above the average stage.

In the summer of 1880 a total of about 415 horse-power (a) was employed at this point.  The available power
is variously estimated at from 000 to 2,200 horse-power, with 7 feet head, in a low stage. 1t is certain that there
i, under all ordinary circnmstances, an important surplus power. By extending the race, and locating mills
Tarther down stream, the head might he inereased to perhaps 10 or 12 feet, advantage thus being taken of the rapids
Delow the dam; but as the city is now built up the work of prolonging the race would boe expensive. The entive
power is considered as divided into sixty-four equal shares; the title to five of these is recognized by all parties as
-established, but that to the remaining shares is in dispute and litigation,

Istimate of porwer at Cedar rapids,
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The next impovtant power is at Watorloo, near the center of Black Hawk county. The neighh(‘)rin & countey
is volling, and in many places covered with groves, The river is 500 to 600 feet wide, with banks 5 to 10 feet high.
A timber dam about 530 féet long extends across the river at this point and sets it back, so that, in high stages,
:some difficulty is experienced from the backwater, at Cedar Falls, 7 or 8 miles above. The power at Waterloo is
divided into twenty-four equal shares, of which twonty-three are owned by the Union Mill Company, and one by
Messrs, Daniel & Slade, The Union Mill Company has a flouring-mill on each side of the river, using together
about 300 horse-poiver. On the west bank Daniel & Slade’s chair-factory employs a small power. On the same
-sido a sash- and door-factory and a small woolen-mill use, respectively, 25 and 35 horse-power, which they rent from
the Union Mill Company., An establishment for the mannfacture of Lee-hives is also returned as using 21 horse-
Dower, Altogether about 400 horse-power is employed at this privilege. The ordinary working headis 5 lvet

a Rated power of wheels according to census ennmerators’ returns,
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The mills are troubled by backwater a day or two in June, and in extremely cold winters are sometimes short of
water, The dam is leaky, however, and it is thought that with a tight dam no diffeulty would oveur from low
water. Commonly theve is a large surplas power, which the proprietors are willing torent, Waterloo has between
5,000 and 6,000 inhabitants, and is well situated, at the intersection of the IHinois Central and Burlington, Ceedar
Rapids and Northern railways. ‘

Fstimate of power at Waterlon,
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In the winter of 1881-'82 articles of incorporation were filed by the Waterloo Water-Power Company, with a

wapital of 300,000, This company proposed to develop a power in thoe south part of the city by throwing a dam
across theriver about 3,400 feet below the one' I have deseribed,  Trom this dam « race, 100 feet wide, was designed
to run 2 miles across a neck of land, emptying into the Cedar river again and rendering available a head of 7 feet.
I have no further particulars concerning this enterprise, excopt that it wasg stated that work would probably be
begun in the spring of 1882,
' The first power above Watorloo is at Cedar Falls, The river is in that section 400 to 500 feet wide, with
rather low banks, It makes o gradual bend to the eastward past the fown, and on theupper part of this bend is the
dam, o framed structure of timber rvesting on o vock bed.  IFrom the dam, the main race runs on the right-hand
side of the river across the bend. Along this race, and on the side which is toward the river, are located a pump
manufactory and an oabmeal-mill, in the sawe building, a woolen-mill (not running when visited), and a flouring-
mill.  The head inereases from & feet ab the dam to 8 or 9 feot at the lower mills,  Tho dam sets the water back 3
miles up the river, The entrance to the main raco i controlled by 12 gates, cach nhout 5 feet wide, raised ov
lowered by Tevers.  This race is, at the head, 70 feet wide and 4 or 5 feet deep; it continnes of quite uniform width
to the lower end, where 16 broadens to 100 feot,

The main race terminates i a timber dam 50 feet long, with abutments,  From the right end of this dam a
wooden flume conveys water some 30 feet to a bulkhead, surmounted by a tower, and containing 8 water-wheels.
The power developed by these is transmitted distances of 350 to 200 feet, and runs a wagon-shop, foundery, and feed-
wmill.  The main race is also continued in a smaller race, which carries water to a flouring-mill and novelty works
(wood working) ; a second flouring-mill was burned, though the walls are still standing,.

The power at this point is, with one or two minor exceptions, owned by the individuals using it, who arc not
incorporated, but merely united in an agsociation in ovder batter to maintain the works, Their rights are estimated
in square inches of opening, under an average head of 9 feet, Tho various coneerns own from 100 to 1,500 square
inchies each, or a total of about 6,000 square inches, which is considered to be the available eapacity of the privilege
in a low stage, with the present improvements. A total of about 490 horse-power is used here; ib is claimed,
Liowever, that with proper improvements, and the use of the full head of 9 feet, the power can be doubled.  There
is abundance of room along the race for building, but the race itself is rather shallow, and by the formation of thick
ice in winter the flow through it is much impeded., The dam is leaky, and by the cutting of a high-water channel
around ity end, on the left shore, where the land is low, & passage has resulted through which there is also at low
water an important waste, thus lowering the head at the mills, Jven under these circumstances they guffer very
little from low water. In severe winters the supply sometimes decreascs so that they have to compromise with
each other, but such oceurrences ave rave. The working head varies about 1 foot, being highest in a fair stage of
river, . No serious trouble is experienced from backwater,

Istimate of power at Cedar Falls,
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There are no large developed powers above Cedar JFalls, but there are numerous flouring-mills, the locations
of all but ene or two of which are herewith given, in order: Janesville, Waverly (two mills), Pearl Rock, anhun,
Oharles Ulty, Tloyd, Osage, Mitchell, West Mitehell (woolen-mill), Saint Ansgar, Newburg, Otranto Station, and
Otranto. All these are below the Minnesota boundary. They carry from threo to seven runs of’ stone each, and
have heads ranging from 5 to 10 feet, the average being 74 fect.

At Charles City the river is 200 fect wide, and a framed dam of timber filled with stone has been built across it,
creating a head of 10 feet. The privilege is occupied by a seven-ran flouring-mill, which uses about half the power
of the river at a low stage. It wasg stated as probable that o paper-mill would also be erected ; if so, it could easily
be supplied with straw from the surrounding section. The river here rises about 4 feet above low water, usually in
June, and runs lowest in mid-summer or in a cold winter. DBelow the dam are rapids, with a fall of 4 or 5 feet in
2,000 feet. There is no unoceupied power between Charles City and Floyd, but a privilege could probably be
developed below the former point, Passing up stream into Minnesota, there ave found to be five flouring-mills in
Mower county of that state, with heads ranging from 7 to 13 fect; the highest mill is probably one at Ramsey.

All along its course the Cedar receives, at intervals, little streams, such as Rock, Indian, Spring, Wolf, Black
Hawlk, Beaver, and Big creeks, and Little Cedar river, which sustain from one to four louring- and grist-mills each. («)
The only important tributary, however, is Shell Rock river, which has already been alluded to,

SIILLI. ROOK RIVER.

Thiy stream has its main source in Albert Loa lalke, some 8 or 10 mileg above the Minnesota boundary, It runs
goutheasterly for about 80 miles by general course, and 6 miles northwest of Cedar Falls, Towa, unites with the main
viver, It drains an avena of 2,631 square niles, having a slightly undulating surface and a comparatively thin covering

of Drift.

Flerations* and slope of the Shell Rocl river.,

Locnlity, gﬂ 8:2'2:';: bult.\t:’l(}um Egifflfc‘if 1;(,{@1\,1«:1
d puints, pointa, t points,
Feet. Feet, Miles, ¥t per mile,
Roekfnd Station f e vt icnnnnenanns 1,023 % 17 a5 2,04
Shell Rook villagod,.ooeevuan eaneen 000
Codar Falla (main viver)§...oooennee 8475 § oL 18 4.07

* Taken from Geology of Towa, with altitudes of datum planes corrected,
T Map measnroment,

t By railroad survey,

§ River surlago by Cedar Fulla and dMinnesote railvaad levels.

As indicated by tho rate of its descent, the Shell Rock is quite a vapid stream, There are numerous mills along

its course, but many unutilized sites still remain. These are not all, however, equally suited to improvement. Thus,.

at Olarksville and vicinity the banks are low aud considerable diffieulty is experienced on that account, Toen miles
up stream the bed is sandy, and the dawm at Greene is constructed on piles: whils at Rock TFalls, in Cerro Gordo
county, the site is excellent. Thenills on the stream are located as follows, in suceession from the mouth: Pinehford,
Shell Roclk (two mills), Olarksville (two mills), Greene, Marble Rock, Rockford, one between Rockford and Nova
Springs, Nora Springs, Rock Falls, Plymouth, one 3 or 4 miles above Plymouth, Northwood, and finally one atthe
outlet of Albert Lea lake. Most of these mills earry from two to four runs of stone cach, and some are also provided
with rollers; they have an average head of about 8§ feet,

The Shell Rock receives, in turn, two prineipal tributaries—¥West Fork and Lime eveck; the former drains 858
square miles, and the latter 641 squave miles. Lime ereek rises in northern Winnebago county, close to the Minnesota
line. It runs southerly and then southeasterly, and joins the Shell Rock at Rockford, in Floyd county. Above
Trertile it is rather sluggish, but thence to the mouth, and especially below Mason City, it is very rapid in places.
There is a flburing-mill at Roclford, one 4 miles below Mason City, and there are three or four above the latter point.
There are also said to bo many good sites for power still unimproved.

At Mason Oity Lime creek receives, through Willow ereek, the drainage of Clear lake, which is located in the
western part of Gerro Gordo county. This lake is described by Dr, White as being about 5 miles long, 2 or 3 miles
broad, and having a maximum depth of 15 feet. Its sliores aro gravelly, and its banks mostly wooded. There is
a two-run mill on the ontlet. The lake yields ordinarily a very steady supply of water, but it is said to have fallen
50 low on one oceasion that the privilege on the outlet was valueless for a year,

@ Drainage arca of Welf creels, 321 squnre iniles; Black Hawlk ereck, 366 square miles; Beaver creek, 410 squave miles; Little Cedar
river, 311 square miles,
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Estimated volume and hovsepower of the Cedar viver and tribularies.

LOW WATER, ORDINA- | LOW WATER, AVERAGE | AVATLABLE 10 MONTLS

RILY DRY YEARL YEAR, IK AVERAGE YDBAR,
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e | power, 10 | 08 ower, 10 Yol | nowor, 10
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Cedar, 8t Codar I8 toimeiramsconiie it ct e cascncracara s aan s aiaa ey 4,790 460 2 580 050 8§59 §160
Cedar, at Watoloo cevieerennes cean vas §, 177 010 470 G430 T16 030 1, 056
Cedur, ot Cednr Rapids - . . 0, o4 640 ™ g0y L 900 1,180 1,340
Cedar, at Cedar Bl ovevnneininae .. .- . 7,028 800 784 860 077 1,260 1,481
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T SKUNK RIVEDR,

This streem rises in Iamilton eounty, in the central part of Towa, whence it rang sontheasterly and, after
forming the boundary between Diey Moines and Leo counties, emptices into the Mississippl, 1t is 200 miles long, hy
general conrse, with a drainage arca of 4,100 squarve milos; the width o' this area is for the most part quite uniform,
ranging from 20 to 30 miles, Tho country has a rolling surface, well suited to agriculture, and along the lower
river 9 moderately well supplied with hard-wood timber. Railrond lines cross the river and its Dasin at many
points, but usually ab so large an angle as to alford buf limited facilities to the immediate course of the stream,
Aloug the latter there ave Lut fow important towns; the more prominent, in order from the mouth, ave Mount
Pleasant (3 miles from river), population about 4,400; Brighton, in Washington county, 800; Colfax, in Jasper
county, 7005 and Ames, in Story county, 1,200,

Flevations and slope of the Shualk river.

e Tall Matance Fall
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Romo, onry county§ooevecicnnoas. i ]

5 45 a8 118
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* Map moensurement,

+ Wator surface nt Chicngo and Northwestorn eailway crossing,

1 Water surfies at Chiengo, Roek Island wnd Pacitic raflway crossing,

§ Low-wator surfuco at Chiongo, Burlington and Quincy railvoad ¢rossing,

Il Low wator in Misslssippl viver, by lovols of Major Favquhar, connecting with Inko Suporior,
Notr.~Elovations at Vowoll’'s and at Romo ave from Geology of Towe, with altitndes of datum planes corrvoctud,

The upper course of Skunk river lies over the Middle and Lower Coal Measures, but below the junction of the
North and South Forks it runs along the border between the exposures of those formations and the sub-Carboniferous.
The principal outeroppings of rock oceur in thoe lower valley, especially in Henry and Des Moines counties, and
consequently it is on the lower half of the river that the best mill-sites are to be found. The valley of the stream
is, generally speaking, broad and flat, with gently-sloping sides, and covered with a rich, deep clayey soil. Along
the lower course the bottom-land averages about 2 miles in width, but occasionally disappears where the bluffs
approach simultaneously from either side. In addition to the first, and lowest, bottom, which is immediately beside
the stream, there are generally to be discerned one, and even two, higher bottoms, or terraces, farther back. In
this section the river bed is roeky; the banks are mostly of loam, with some rock exposures, and average 10 feet
or more in height above low water. The lowest stage commonly occurs in August and September. The river is
subject to great and rapid rises, during which the bottoms, and especially the first bottom, are seriously overflowed.

Theso freshets, however, are said to have considerably decreased in maguitude of late years. .
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In the southeastern part of Keokuk county the South Skunlk, or main river, is joined by the North braneb,
whicl drains a little less than half the area that the former does at their point of junction. Thence to the
Mississippi, and above on both forks, there are many flowing-mills; they are mainly found below the northern limit
of Mahaska county, there being but two or three on both streams above. From the western boundary of Henry
county to the mouth the fall appears to he nearly all taken up, but above Henry county a considerable amount still
remains open to improvement. 8o far as I could learn, the mills on the Jower river are located as follows, in order
from the mouth: Augusta, Bridgeport, Lowell (two mills), Boyleston, Otter Mills, Oakland, Star Mills, Merrimac,
and Washington; tho positions of those farther up stream may besufficiently judged from the summary by counties,
appearing in & subsequent table. The mills mentioned are all tlonrving-mills, and carry about three runs of stone
each, The dams are generally framed structures, and furnish heads ranging from 4§ to § feet. It is sadd that the
mills ean, on the average, run ten months in the year at full capacity, Lut are troubled one month by low water,
and one month by backwater; the Oakland mill suffered from baclowater seven weeks during the spring of 1881,
The privilege occupied by this mill is improved by a framed dam 325 feet long, 9 feet high, filled with stone and
planked over. The head on the wheels varies from 5§ to 8 feet, but averages about 7 feet.  The mill carries four
rung of stone, and the proprietor roughly estimates that, with 64 feet head, his privilege would earvry fifty runs of
stone for eight monthy in the year. A small woolen-mill of two sets has been in operation here, hut was not
running at the time of my visit. The chiel obstacles to the establishment of woolen manufacturing in this section
are deseribed ay being a lack of eapital, and diflienlty in obtaining good workmen. ,

The Skunk river is 300 to 400 feet wide in the vieinity of Oakland.  Altiiough it is a tolerably good stream, and
farnishes power to many mills, it has not that steadiness of flow which characterizes the Cedar and Iowa, to the
nortl; it is, in fact, quite unreliable, and while there will sometimes be an abundance of water for two successive
years, in the third year it is labla to run very low,

Besides the North FFork, the most important tributary, this river receives in western Henry county Big Cedar
ereek, having a drainage arca of 520 square miles, bub nnnsed for power except by one small saw-mill; and in
Jasper connty, from the cast, Indian ereck, draining 836 square miles, and having two flonring- and grist-mills of
small size,

Fstimated volume and hovse-power of the Skunk river,
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THR DES MOINES RIVER AND TRIBUTARIES.

The largest, and, in some respects, the most important, streamn in Iowa is tho Des Moines, Its source is in
southwestern Minnesota, near the boundary between Lyon and Murray counties ; it runs thence, in a generally
soutleasterly direction, across tho state of Iowa to the Mississippi. It has a length, by general course, of 870
miles, for the last 23 of which i forms the boundary between Towa and Missouri. At Des Moines its general
direction changes to the eastward by something less than 809, but either way from that point i quite straight;
thus, if o straight line be drawn from the loeality where the stream enters Towa to Des Moines, and another from
Des Moines to its mouth, its course, though showing many minor bends, will be nowhere distant more than 8 miles
from the adjacent air-line,

The basin of this river comprises an area of 14,578 square miles, about 70 per cent. of which les above Des
Moines; its width is greatest in the upper part, and decreases from 73 or 80 miles at Fort Dodge to 50 miles ab
Des Moines and 20 miles at Ottumwa. The surface is a fertile, volling prairie, quite flat in some sections, as toward
the upper waters of the Raccoon; there is very little timber, except toward the mouth of the river, and even there
what formerly existed has been largely cut away. Above the latitude of Des Moines there are to be found,
scattered over the surface, many ponds of insignificant size, and in the upper basin o few lakes of some importance;

the larger of these are Storm lake, with an area of about 7 square miles; Palo Alto, 6 square miles; Okamanpadu,
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3% square milesy and eron lake (Jackson county, Minnesota), 11 square miles, (¢)  Okamanpadu and Heron akes
have visible ontlets, but Storm and Palo Alto lakes appear isolated, though they doubtless contribute by percolation.
to neighboring water-conrses; they arve all of Drift origin, and are characterized by gravelly beds and shor s, clear-
and rather shallow waters,

Not only does the area drained by the Des Moines possess fine agricultnral vesources, but in the vieinity of
Fort Dodge there is o deposit of gypsum, said to be one of the wost important in the United States and the only
one of cconomic value in Lown or the smrrounding states; while, {rom below Fort Dodge to the mouth of the river,
and coveving nearly all that portion of the basin, stretel Um Lowa coul-fields.  The coalis bituminous, of good quality,
and has alveady been mined ab mauy points, mainly where exposed on the sides of the ereek and river valleys. by

Tho railroad fucilities of the Des Moines basin ave, generally speaking, good, sinco it is traversed by a
considerable number of important lines ; but so fur as concerns the development of water power they are of the
most value on that part of the river below Mahaska county, for thenee to the mouth the stream is closely followed
by the Keokuk and Des Moines railvoad ; above Iddyville this road is distant § to 10 miles from the viver on the
north. For some 25 miles north of Fort Dodge the Minneapolis and Saint Louis railway alse follows the main
course of the river. At numerous other points it is approached or crossed by railway lines, but they have usunally
an east-and-west du‘ectlon, and go traverse the valley ab o considerable angle from ity general divection,

The lower valley is the most thickly settled portion of the seetion we are considering, but in recent years, with
the building of new railroads, the upper basin bas attracted o considerable fmmigration. The population of the
cutire basin inereased in the ten years previous to 1830 from about 237,000 to 349,000, The larger towns, in order
as we ascend the river, are: Keokuk (near the mouth, on the I\Imsmauppx), 1)()1)111«\4.1011 about 12,100; Bonaparte,.
7003 Keosanqua, 9005 Bldon, 7005 Ottumwa, 9,000; Eddyville, 900; Oskaloosa (6 miles from Lhe river), 4,600;.
Pella (3 miles from rviver), 2,4005 Kuoxville (5 miles from river), 2,600; Des Moines, 22,400 ;- Moingona, 1,000 3
Booneshory'y 83,3005 Tort Dodge, 3,600; Jimumetshurg, 000,

lecations and slope of the Des Moines viver,

Iall Tatanes Fall

. Elovation
Loeality ey hetween | between | botwean
LCCEEL AU Iyt ot | points,
Feet, Feet, Miles. | FLopermile,
Windom, Minucgota t 1,020 )
N 805 111 820
Fort Dodge, Town § oviiiiiiniianens [ihid}
, , $ 44 3 LY
Routheast part of Webnter county § . i 1
| NI 24 1.6
Aotugmift§ covvvimnriiiiiiiiiaein, ! BT
. oow 40 2.7
Dies Molnes{l oooinannss esaremaiiaes T80 s
b 111 1.95
QUEUMIWAY eeirrvaiarnes vevan sanas ({511}
} 100 0 1,70
Month of river 470

* Thatances nbove Des Moines avo by mnp measurement; those helew ave by nu old snrvey of the viver,

t Water surface nt Chiewgo, Saiot Paul, Minneapolis and Omaha vailway cvossing,

1 Water surfnee ot inois Centeal railvond dvossing,

§ Water surfaco ot Chivago amd Northwestomm yailwiy erossing,

1| Water surfaee at wouth Raccoon river, based upon old survey,

1 Water surfaco below dam, based upon old survey,
** Low water in Mississlpp! river, by survey of Mator Farquhine connecting with Like Superior.

Eleven miles north of Fort Dodge the West Forlk, or main river, is joined by the Bast Fork, The country-
Qrained by thewm is gently rolling., Their valleys range from a fow hundred yards to half mile in width, and ave-
depressed 50 to 150 feet Delow the general level of the smrounding uplands, to which there is a gradual rise..
Their badg are mora or less gravelly, but the banks are muddy., At Fovt Dodgo the depth of the valley is about
170 feet Delow the uplands, and is seldom exceeded at points farther down the river. From Fort Dodge to-
Awmsterdam, in Marion c¢ounty, the Des Moines runs through and upon the Lower Coal Mecasures, but natural
exposures of these seldom oecur in the valley, because of the decp overlying Drift, The bottom-land is in this.
section an cighth to a half wile wide, while the valley sides are irregunlarly sloping, and sometimes abrupt.
Concerning that part of the viver below Amsterdam, I quote from the Geology of Towe :

Trom Amsterdam to Ottumwa the sub-Carbenilerons limestone appears ab intervals in the valley sides again, forming low eliffs
occasionally ; hut the exposures are generally small and distant from eaeh other. Near Ottwmwa the sub-Coarboniferons rocks pass-
beneath the river again, bringing down the Coal Measure strata into its bed, but they rise again from it in the extromo northwostern
corner of Van Buren county, and sub-Carboniferons strata vesume and keep their place along the valley from there to the mouth of the:
river,

¢ These arcay ave as moeasured by planimoeter on lnnd-office maps.
b According to the Town dgricultural Report for 1879 there was mined in the state, diring that year, 62,500,000 bushols of conl, efi
a value of §5,000,000,
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The Des Moines river is not now a navigable stream, but some thirty years ago an attempt was made by the
state of Towa'to establish slack-water navigation between the mouth and Des Moines city. (@) The original design
contemplated a system of twenty-eight dams, with accompanying locks; two additional locks were .to be proyided
in canals, of wlhich 20.46 miles were to be excavated in order to shorten the river's course. The entire elevation to
be overcome was about 310 feet, and the length of navigation to be secured 183.85 miles. By an act, approved
August 8,1846, Congress granted, in aid of the enterprise, 321 ,800 acres of public lands lying along the river below
Raccoon Torks; subsequently, another grant of 1,000,000 acres, sitnated above Raccoon Forks, was made. Worlk
was begun upon the lower river, and carvied on at intervals between the years 1851 and 1856, At length, however,
the general government refused to recognize the grant of 1,000,000 acres above Rz\({coon Forks, and work was
permanently suspended. The water-privileges which had been doveloped by the building pf dams were sold,

* When work ceased upon the improvements, locks and dams had been completed at Croton, Bonaparte, and
Bentonsport, and the lock-walls and abutments for the dam had been constructed at Keosauqua. Although work
had been undertaken at other points also, uo permanent structurves had been built,  The three dams were of erib-
work, but, with the exception of that at Bonaparte, have since beeil carried away. The abutments and loel-walls
were built of heavy limestone masonry, and still remain in fine condition. _

That portion of the river below Des Moines, and, in particular, that part between Ottumwa and Croton, presents
great advantages for developinent of water-power on an important scale, on account of the large volume and the
generally favorable character of the bed and banks, There are numerous rock exposures, and from Ottumwa to
Croton the bed is a smootl, even surface of limestone, while the banks are in the sama distance of good height,
averaging 20 feet above low water. In the vieinity of Bonaparte the bottom-land is quite narrow, not more than
balt a mile wide on the average, and in places steep roeky Dluffs rise abraptly from the river on each side. The
width of the stream inereases from less than 400 feet below the mouth of the Raccoon to 500 feet near Ottumwa, and
000 feet in the vicinity of Bonaparte. Above Ottumwa the river banks are rather low, and the bottom-landis1
mile to 2 miles in width, DBelow Saint Francisville the stream is meandering, with low hanks and sandy bed.

The portion of the river wo are now considering has a good carrent and a quite steady flow. The highest
freshets oceur in June, & month of heavy raing, but high water is also caused in spring by melting snows,  The
river banks, in the lower portion of its course at least, are seldom overflowed. Thoe ovdinary June rise in this
section is 8 to 10 feet. The greatest recorded floods in the history of the river were those of 1851 and 1858, during
the former of which years the rise in the lower river was 25 feet. At times, during high water, the Des Moines
transports large amounts of drift, though no damage results from it.  The greatest sources of trouble to the dams
are the heavy runs of ice; the dams at Keosangna and Bentonsport, and a part of the dam at Croton, hiave been

_carried away by this means, In view of this fact, and the size of the river, it is evident that improvements wust
be substantial and expensive,

Following is alist of the dams, with their locitions, height, and 1ift, which were formerly designed for the purposes
of slack-water navigation between the mouth and Ottumwa,  They wero all so planned as to position and height
as to rest efther wholly or in part upon rock foundation, and to cause but little overtlow by backwater. .Although
the sites mentioned might not now be chosen for water-power improvements, still the table exhibits the loealities
at which it is practicable to obtain certain falls, as shown by actual gorvey :

Dams formerly planned to scoure slack-water navigation in the Des Moines river below Ottunica,

Tocation. 3{‘2{&}:’ Iﬂfé‘k"l Tocrlity where £all, asgumed equal to 1t of lock, would bo avallablo,

TFeet, Jieels

32,0 | Avallable by canal on north stde from dam to mouth of rivor, ndistance of 12 miles; 10 feot

to bo secuved at lock 6 wiles from dam, and 22 fect ot guard-lock at end of eanal (at low
water in Mississippi).

Available ab dnm,
Lo 10.8 | Avallable at dam ; 8 foet new in use,
15,0 1.5 | Avallallo at dam.

No. 1, Saint Prancisville . v etesena s eraay .-

No. 2, 7.25 milea by river abovoe Saint Iraneisvillo.. 14,0 10.9
N3, Croton.cenee s conee e camanee s sae
No. 4,1 mile above JFarmington ......
No. 5, Bonaparte

................................... 1.0 7.5 | Availablo at dam; 8 feet now in use,
No. 6, Bentonsport ... 15,0 12,8 | Availablo ab dam; 7 foet has been in uso,
No. T, KeOBAMURD + .o lenvern vane crennnmrennrnns . 16,0 118 | Avnilablo at dom g 11 feot lvas hoen in use

No, 8, 8.4 miles above Keosanqua 140 110 | Available at dam,

No.9, 6.4 milesbelow Townville coovnevenrenenennnn. 15,5 125 Do,
No.10, 1.1 miles above Lowavillo veecnivenenn eannns 155 12,4 Do,
No. 11, 8.25 miles abovo Towaville v .o evnvenneeeann.. 10. 5 7.0 Do.

No, 12, 8 miles below QUMW vevvnivunneensnnnnnns 10,0 6.0 Do,

No. 13, 4 miles bolow Otbamw, ceenecveveeeenen.... 10,5 7.0 Do,

'l‘h'e ﬁrs't improved power met in ascending the Des Moines is opposite Croton, Lee county, Iowa. With the
exeeption of 100 feet at each end, the upper crib-work of the old state dam at this point still remains; the rest has

x ale{ce reports of the improvement company and & profils of the river were pracured for me through the efforts of Dr, J. M. Shaffer,
of Keokul., ‘

384

)

i




) EASTERN IOWA SLOPIL, 101
been rebuilt of brush, with rock ballast, Tt rests upon a solid limestone bed, is 700 foet long and about 50 feet wide
at the base. The masonry abutments are stated to be in good condition on Loth sides of the river; on the Jowa side,
the head and shore walls of the lock are yet standing, but one-half of the river wall has been washed away, Power
was formerly used on that side by a four-run flonring-mill and a saw-mill, but they were carried away by ice in
1866. On the Missouri shore there is now a two-run flouring-mill, using a head of 8 feet,  Mr. 8, P. Gray, of Croton,
owns the privilege on the Missowri side, and would like to sell a portion of it.

Distimate of power at Croton,

‘I'hooretionl Theoretical
horge. horso.
powor, 1 howor, 8
foot head. | feot head,

Volume,
cubie foot
porsceond.

Deninago

Stago of river. nrow,

Sg.miles,

Low water, ordinarily dvy yoar...... l }’ 1,110 1201 1, 000
Low wator, averago Yoar «oveveuen, 14, 885 1, 800 147.7 1,182
Available ten months in averago yoar, J 1 1, 050 215 1,77

The next power is at Bouaparte, where the river has a width of 500 to 600 fect, a depth of 2 to 3 feet in an
ordinary stage, and a good current, The state formerly built a dam ab this point, which yet stands with the
exception of the apron, As first built it consisted of & timber erib-worlk, filled in with stone, with & width of 20
feet at the base; it was supplemented by two succeessivo low eribs on the down-stream side, forming offsets of 10
feet cach, and together constituting an apron for the protection of the river bed. The effect of heavy ice running
over tho dam was to tear up the planking of the apron, and so destroy that portion,léaving only the main crib-worl,
having a base of 20 feet. In 1873 anew dam was congtructed immediately below this, at a cost of $8,000 to $10,000,
It is GGG feet long Lebween abutents, and is similar in construction to the old dam above it; it is 18 feet widoe at
the base, 10 feet high at the crost, and 6 to 7 feet high ot tho back, Xt rests upon o limestone bed, and on the
south side abuts against a timber and stono erib, while on the north side the wall of thoe old lock serves as an
abutment. At the back of the dam is driven a doublo row of sheot-piling, and the remnining space to the breast of
tho old dam is packed with gravel, The new structure has no apron, and in consequence the overflow of the water
has already worn some 2 feet into tho river bed. The dam which I have deseribed has given good satisfaction, and
has withstood heavy ruus of ice without injury. The pond extends 4 miles up the river. The head ou the wheels
is § to 8% feet, and no trouble is experienced from backwater.

The Bonaparte power is owned by Messrs, Meek & Brothors, who ron in conuection with it a woolen-will, a
flouring-mill, and & small saw-mill.  The woolen-mill was started in 18064, subsequently burned, and rebuilt in 1863,
It carries six sets of cards and some other machinery, and gives employment to 75 or 80 hands., Oassimeres, blankets,
jeans, and yarns are manutactured, and sold mainly in Towa., The flonring-mill has five rung of stone. Abount 160
Liorse-power is used at this privilege, and the proprietors consider the supply of water suflicient, in. the lowest stage,
for at least three or four times that amount. '

The first power above Bonaparte is that ab Bentonsport. The dam, which stood until recently, was a crib-work
struneture filled with stone; it was 600 feet long, 24 feet wide at the base, 12 feet high at the breast, and § feet high
at the back. It was owned by non-resident parties, who took but little interest in keeping it in repajr; the timbers
were alternately wet and dry, rapidly decayed, and the dam was very leaky ; finally, daring the winter of 1880-'81,
it was carried away by the runof ice. The pond set back probably 6 to 8 miles, and a head of 7 feet was obtained,
Mills were located on Doth sides of the river as follows:

On goutly side ‘ Horso-power.
One woolon-1mill, BWO 8618, ADOIE « e cnuyvnrnee i rn taae e e cat nuvmne amesasnmmensreamremrsnsamnnn sasans sunnne OO
One fouring-mill, four Tnng, ADOUL ... i ettt tinr s sera nemsmuman ama e s s Cemerenna 13

On north side:

One woolen-mill, (@) W0 BOLS, QDONE «c o i it iar e iiee veve tetn coemesmaanaaasas aeusnssare s svanmarsaene B0
Ono fouring-mill, Lo TNg, ADOWY.cun v uurir sin s can et cavuarnnun rmasmonrmsen smnn ssornasnemnnnssssmuasuns 48
One paper-mill, (@) ADONE < v virr iies i vrmmr snem e O S GV 1
ONO BAW-IIEIL, DO cr et aete s et mes mmme cnre caes ren s gann aseaonnn anaraeannas ann pran annranne cneaas SO

Total power used, aboub «.....o.o ... vermn Cevemanen s PPN 11 (1}

There was @ scarcity of water for these mills in the dry season, but this was due solely to the leaky condition. of
the dam. At the time of my visit, in June, 1881, no repairs had been attempted, but the citizens of Bentonsport had
formed a joint stock company, and a plan had been prepared for a new dam, (D) to cost about $10,000. It was
thought that the work of construction would soon be under way. The proposed dam is to be a framed structure,
consisting of bents 7 feet apart, each bent having four vertical posts, 74 to 8 feet apart from center to center, set

a Mill had ceased operations before the date of the dom giving way. b Seo pago 103,
VoL 17—-—95 . 85
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into the rockbed at the base and properly braced. The dam will have a width at the base of about 24 feet, the crest
rising 13 feet above the foundation; the top will be heavily planked, and slope up stream to the back, which is to
have a Lieight of 4 to 4% feet above foundation. The interior of the dam will be packed with Joose stone, and faced
at the breast with 9 or 10 inches of concrete filling, contained between planking, The river bed is of limestono, and
very favorable to the security of a well-built dam. The masonry abutments, built long ago by the state, remain in
good condition. I was informed that upoen the completion of the new dam the two flouring-mills would resume
operations. It was desired to attract new enterprises to this point, and, to sueh, inducements would De offered which
wouldl probably include free rent and taxes, and possibly other aid, Bentonsport is a small place of 300 inhabitants,
on the Keokuk and Des Moines railroad. There is a ferry running across the river, but no bridge,

Bstimate of power at Bentonsport.

Volumo Theoretienl|Theoretical
eubio feat Tiorso- horse-
wr second,| DOWEr 1§ power, 10
pe *| foot head, | feot head.

Drainage

] o)
Stago of river, v,

S, edles,
T.ow water, ordinarily dry yenr...... l [ 1, 090 128, 8 1,038
Low Water, AVerage YOl cercacearnns - 14,107 1, 280 1446.4 1,454
Available fenmonths inaverage year. J 1 1, 040 218, 1 2,181

The Keosaugua power is the next in order. Tho town is very prettily situated on a bend in the river, and is
connected with the IXcokuk and Des Moines railvoad by a short branch, In 1870 a erib-work dam was built across
the river, but tho workmanghip was poor, the base was made altogether too narrow in proportion to the height,
and in January, 1880, the structuroe was carried away in fifteen minutes aftor the ice started to run out. It had
furnished a head of about 11 fect, and supplied power to a flouring- and grist-milly of three runs, owned by Messrs.
Wilson & Lee, These gentlemen, not being in a position to rebuild the dam in & substantial manner, have put
steam-power into theirmill.  They would be very glad, however, to see the water privilege improved, and would offer
strong inducements to secure that result, A new dam would need to be about (00 feet long. It would have
for foundation a solid limestone Led, and for abutments the heavy masonry formerly built on each side of the
river by the state, and which now stands in fine condition.

Hstimeete of power at Keosaugqud,
| X MPheoretieal 'Chirorotical
I Dradune Volume,

\ ot liorges horse-
arens | cublo fect

Stage ol vhvern
Tper seeand,

WEr, L | powon, 11
oot homd, | foet hoad,

S, andles.

Tow water, ovdingvily dry year..... . 1 1,000 1208 1,362
T.ow wator, Averngo Four caeves vanva SR E AR OR 1,280 1404 1, 509
. Available lon months inpverage year. l [ 1,000 2181 2, 300

At Ottumwa somoewhat of a manufacturing conter lias been established. A joint stock company was formed by
the citizens of this place, and in 1875 the construction of two dams across the river, one on each side of Turkey
island, was beguun. The original contract price for dams, canal, and accompanying works was $04,000, plus an
allowanee per cubic yard of exeavation, Disputes arose regarding the payment of the contractor, but a settloment
was finally effected for about $64,000. Tho contractor is said to have left the dam, and, indeed, the wholo work, in
a very poor and incomplete condition. The west dam was a crib-work, filled in with sand and gravel, and was nof
properly protected by planking, The coffer-dam of brush, whick had been built above the permanent stroeture,
was left in place, and in January, 1877, not long after the work was turned over by the contractor, the water pouring
over the brush coffer rapidly wore out the illing of the dam below, and about 40 feet of it was carried away. In
the fall of 1877 the dam was repaired, and then stood for one year, when it had to be entively rebuilt, In order to
meet the various expenses arising, congiderable sums of anoney have been advauced, on the socurity of the works,
by castern parties, and the total expenditure conneeted with the enterprise now amounts to about $120,000.

The west dam is now ballasted with stone, and has an apron of the same construction as its own. Tho easl
dam is also a crib-work., Both arve of about the same height, and each is 350 feet long. They rest upon & firm
rock bottom, and are protected at the ends by substantial abutments of masonry. From above the dams a
large main race, 4,300 feet long, runs in o southeasterly direction, across tho neck of a bend in the river, to the
mills, and terminates in a bulkhead. Twelve hundred feet below tho upper entrance to the race there is a guard-
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lock, or bulkhead, measuring 200 feet across the race, and built of masonry. The river brings down considerable
sediment, which enters the race between the dam and guard-lock and forms a troublesome deposit. The full head
attainable at the mills is 10 feet, but only 8 to 8% feet is now available, and no more will be till a small amount
of blasting shall be done in the tail-race. The following concerns are supplied with power, some of them also using
steam : Ottumwa Cutlery Company, City Water Works, Ottumwa Starch Works, Johnson Ruffler Company, Ottumwa
Iron Works, an oil-mill, and & flouring-mill. About 275 horse-power of water is used in all. (@) There is always
an abundance of water, and the theoretical power of the river at this point, with 10 feet head, and in a medium
stage, has been estimated at 3,000 horse-power. My own estimate of the power at lower stages is given below.
Tor a short time in the year the mills are troubled by backwater. They are conveniently situated, and close at
hand are the tracks of the Chicago, Burlington and Quiney, and Chicago, Rock Island and Pacific (Keokuk and
Des Moines division) railroads. Mr. S. L. Wiley now lolds the property pertaining to the water-power, as trustee,
No regular rate is established for the nuse of water, and the affairs of the company were in such condition at the
time of my visit that no inducements could be held out to manufacturers, nor were any efforts being made to attract
them to this point.

Bstimate of power at Ollumea,

Volume, |Lheorotieal Theoretionl {Theoretical
cnblo feeg | | Dorao- Torse- 0180~
‘ nd, | power, L | power, 8 | power, 10

persocont | g hond, | foob lond. | foot hend,

Drainago

) MERTYH U
Stago of river Ao

S, miles,

L.ow water, ordinarily dry year...... [ 1, 040 1181 045 1,181
Tow water, Avorago yerr. oe e n.e s . 13,465 1,810 137.56 1,100 1,375
J 1 1, 820 206, 8 1, 0G4 30068

Available ten monthsin nverngo year.

Above Ottumwa there is & flouring-mill on the Des Moines, with § feet head, in Marion county, and another
ab the city of Des Moines. The dam at the latter point was built in 1862, before there were any railvoad facilities
here, and when the iron for it had to be brought by teams from Ieokuk. The foundation is part of the way

sand, and part & shaly rock. This dam is 600 fect long, 5 feet high, and consists of erib-work filled with stone, with .

abutments of similar construction. The bottom logs are anchored to the rock bed, and the upper ones are bolted
to these. DMossrs. Serrin & Fairbanks own one-hall the privilege, and have a flouring-mill at one end of the dam,
The mill earries four runs of stone, and uses » head of b feet, though. by charber the privilego is entitled to 9 feet
liead. . The location is & fine one, but the title is at present so involved in litigation that no attraction is offered for
the establishmeoent of new concorns, It is said that pacties have heen, and are, ready to utilize the power 8o soon as
matters shall be righted.

Abovae Des Moines there is no powoerin use on the river befororeaching umboldt county, but from that section
there are flouring-mills, at intervaly, well on toward thoe source in Minnesota. Above the mouth of the Bast Fork
thoere iy said to bo a good unimproved privilege below ITumboldt, and another at Petersen, in the southwestern
part of Fmmet county. In Iumboldt county the river rung 100 to 125 fees wide, and is claimed to be capable of
carrying six rung of stone, with 74 feet head, nine months in the year, and four runs all the time, except in very dry
seasons or unusually cold winters; in the latter case, very thick fce forms, and there is but little water running.

Below the mouth of the Bast Forlk, and for a considerable distance below Tort Dodge, the river is 200 to 250
feet wide, with rather low banks, The bed 1s largely Kinderhook limestone, the strata of which dip to the southwest
at o somowhat greater piteh than that of the river, The latter has a moderate fall, without important rapids, and
numerous water privileges may bo found, with an available head of 6 or § feet; dams of greater height would be
likely to cause overflow of the banks, The river bed in this section contains many springs, which preserve open
spots in the ico during winter, long after the rest of the stream is frozen over, and are resorted to Dy wild fowl. Corn
and stock are the principal exports of the country about Fort Dodge. It does not appear to be so well adapted to
winter wheat as that farther south, orto spring wheat as that to the north, in Minnesota. TFlax is a successful crop,
and its production is inecreasing., Bituminous coal, brick-clay, and building-stone of fair quality, are obtained at
Trort Dodge, in addition to gypsum from the valuable deposits.

a Seventy horso-powor of steam is also employed,
388
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Bstimated volume and horse-power of the Des Moines river,

LOW WATEE, ORDINA- § LOW WATHR, AVERAGE } AVAILABLE 10 MONTHE
RILY DRY YBAR YRAR, IN AVERAGE THAR,

Locality. 131111\1‘1(1!:111'50 Tolume, 'l‘hi}‘c(m)xl"a;%i'onl Velumo, Tlulml'etiml Volmme, 'l‘heox:etionl

culie feot |, T80 o ¥ cublo teot ni‘?g‘:c”] o | cubio feot )(};%ge-] 0

) persecond, | foan i fpersccond. set hong, {Persecond, f 4 ot hond.

S miles,

Below Ieren lako outlob...vveranianinine [ S NN vans| 070 50 47 60 1} 80 o1
Emmetshurg.ceecea e vemauermarnusenatiann Wresnanaenasraueane e, vrmerbanemar 1,700 90 102 110 125 170 103
Below Bast FOrkK vuevve venananenuns [ veMmanemEm s mmn e n e n e anat s 3,061 260 284 800 |, B4 440 H500
Fort DOALO caeeirvrmenarvaneannn N 4,637 200 829 340 280 10 570
Booneshoro' 6, 010 400 454 400 b} 700 00
Above Raccoon river coveveeenn. P vereauene cennarnanne P, [P 6, 672 470 bt e 025 830 048
Jelow Rnccoon river..isereieses rwmeansresmanra amnarevane PN veee 10, 000 7440 841 800 877 1, 300 1,477
DBelow Aiddle Threo river reea 11,140 840 054 070 1, 102 1, 460 1,059
Benmnghol ceeinmesniireranconmrnnas pwesaann Nemrenms s un bkmnta e nnn 11, 808 000 1,082 1,050 1,108 1, 680 1,705
OtERMWA veevnvanarrasasnaniun veemvasuranreseatanuy vemenemymmmes Erat et naanne 13, 465 LU0 1,181 1,210 1, 476 1,820 2,008
14, 154 1, 000 1,298 1,980 1, 454 1,020 2,181
1, 6578 1,130 1,264 1,310 1, 488 1,070 9,438

will-ponds.

With the exception of Boone river and the Bast Tork, the Des Moines receives no important accessions from
the cast side. The principal tributaries, in order from the mouth, are as follows:

Tributaries of the Des Moines rivor,

Strem. D“:A{:;“\’f“ Strew, ]‘"’I‘l“li,g&g"
Square miles. Squere neiles,
Cudar ook vvemeererarsons 49205 Roecoon LIver cuvaven oo 4,020
‘White Dreast viver ..v..... 410 Tonvor ereolt veusnererevans 410
SOuth TIVOr covenuananeninns GG Boono 2Ivoraewe. o irasan 800
MiAdlo Theeo viver cowe e b0 POILTTAN (IR0 e 1,867
North 1Ivorcveeseearnrnsans a7

RACCOON RIVIIR.

This stream is tho largest affluent of the Des Moines, whicl it joins at tho city of Des Moines, The main fork
takes its rige in Buena Vista county, whenco it runs in a southeasterly dircetion, and in Dallas county is joined by
the South Fork, The Raccoon river has a total length by general course of about 126 miles, The eountry drained
by tho North Tork iy gently rolling, Lecoming quite flat in the upper basin, In that section the river drains
numerous small lakes, varying from 1 to 40 acrey in extont, and some of larger size. Omnce in a few years it
happens that, owing to continued heavy rains, these lakes got very full and prolong a high-water stage in the
river for several months. This branch flows through bettom-land ranging from o mile to amile and a half in width.
The bed is in part sand, and in part a hard blue clay, which affords a fine foundation for dams. About 60 per
cent. of the banks are estimated to be bluffy; clsewhere they averagoe 10 to 12 feet in height. The stream is rather
erooked, and at Adel is said to make a long bend of 7 miles, the distance across the neck of which is only 1 mile.
In a medium stage the North Fork is 100 to 125 feet wide, and 6 to 10 feet deep in the eddies; shoals ocenr once in
half & wmile or & mile, where the depth is perhaps 2 feet. The flow i quite steady, though occasionally in winter
the stream runs very low. The current is somewhat sluggish compaved with that of the South Fork, and the
mills on its course are troubled by backwater about one month in the year. The stream hasa gradual rise anel
fall, but both the North and South Forks overflow their banks on the averago once in every alternate year.

The South Fork—and the characteristies of the Middle Fork are about the same—flows through a rougher
country than tho stream I have just deseribed, and its banks are more bluffy than those of the latter. The bottom-
jands are of about the same width on both branches, and the streams themselves are approximately equal in size.
'Phe South Fork, lowever, is straighter, less deep, has o more rapid current, and shoals more frequently. There is
but little trouble on this stream from backwater. It has a rocky bed, is subject to sudden rise and fall after heavy
raing, but, being largely fed by springs, has a well-sustained volume in the dry season.

The country drained by the Raceoon and its branches is not, as yet; thickly settled, but it is interseeted by several
ailway lines and is inereasing in population. I was informed by a gentleman familinr by long experience “iith ‘
both streams, that neither the North nor the South Fork is yet improved to more than 5O per cent. of its eapacity,
althongh they are employed for power by a considerable number of flouring-mills. The dams are reported to have
stood well; they are commonly of crib-work, filled with brush and stone. The mill at Adel, on the North Raccoon,
is situated on a slough, into which water is diverted from the river by a low rude dam; it Das & head of 12 fect,

and carries four runs of stone. 28
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Ilevations on the North and Middle Raccoon rivers.

: Fall Distance 1‘;11“ ‘ v|
Locality, 1]%1(?‘"’ gté((\);‘x between | betwoen | botween |
Wy M| points. | points. points.
NORTIT RACCOON. Feet, Feet, ALites. Ft. pcrmile.[
TWest of Wowollf eewasscverramannannns 1, 246 } 246 & 2,67
West of Jefforson | 1,000 |- o -
1es MOMUSS vavnnrnreeesvavnrs 780 ; 14 oo sud
MILDLE RACCOON, {
Carroll SEation ] vevueenenmearensennns 1,276 1y |
400 3] 27
o | Dos Moines coeeevaninnianreenanes 786 |3 b2 :
* Map measurement, § Water surfuce at mouth, by old survey.
t Water surface at INinois Central railvoad crossing., (From Geology of Towa.) I Chieago and Northwestern railway levels.
1 Water surface ot Chieago and Northwestern railwny erossing, 47 Water surfuce, ag above,

BOONI RIVER.

This river heads in Xossuth and Iancock counties, and flows southerly, joining the Des Moines from the east, 19
miles southeast of Fort Dodge; it is about 60 miles long by general course. Through Wright county its bed is
composed ‘of Drift material, but at Webster City it reaches the underlying roek, which is thereafter frequently exposed.
The stream is comparatively small, but furnishes power to four flouring-mills, earrying two to four runs of stone cach,

BAST T'ORK OF THE DES MOINES RIVER.

This stream has its extreme source in Jackson county, Minnesota, some 9 miles north of the Iowa boundary s
its principal source, however, may be said to Lo in lake Okamanpadu, immediately south of that boundary, It
flows southeasterly, and then southerly, joining the main river 11 miles north of Tort Dodge. Down to within a
few miles of ity mouth it is said to be, in general, a sluggish stream, with soft bed and banks, the latter quite low,
At Algona it is 100 to 125 feet wide, and flows throngh a valley half a mile or a mile in width; its course is in the
Drift formation, into which 16 does not cub its way sufliciently to expose the underlying limestone until it reaches the
vicinity of Dakota. On cither side of the valley rise low bluffs, beyond which is the open prairie. The Iatter is
covered with soil of fair quality, not so vich as farther south, and is so slightly undulating as to appear level; it
abounds in shallow basing, which are filled with water and choked with grass and weeds, and which usually h.ms
no visible outlet.

It is stated that lake Okamanpadu might he raised 4 feet by building o dam ab its outlet. A mill priviloge

would thus be created a short distance below, with a head of § feet, and the flow of the stream would also e made:

more uniform.  From the outlet of the lake down to Dalkota the fall is xeported to be so moderate, and the banks
are said to he so low, that there ave few opportunitieg for the further uso of power. At Algona there iy o fonrran
flouring-mill, using & head of 7§ {eet; the dam consists of piles hacked with loose stone, and rvests upon o foundation
of gravel, elay, and quicksand, AL Dakota there is a three-run flonring-mill, with 7§ feet head. During freshets
the river s])reads out over the bottom-land, and the mills are hindered by bucl»:watcr. ‘As the ice moves down the
river it is usnally deposited on the flats, and causes no injury to the dams in this seetion; but farther down stream,
whore the banks are higher, it sometimes gives trouble,

FEstimated 'voluma tmrl horse- powcr oj’ tﬂbu(m'ws of the Des Jl[onws river,

l LOW WAITER, ORDINA. ] LOW WATHR, AV I.RAM» M',\n.‘\nm 10 MONTHS
| HILY DRY YEAR YEAL. IN AVERAGE YEAR
Straam and loenlity, Drainago | i lemotiunl L‘ht oretienl Theorotivnl
aven. Volumo, (" hovso- Volume, | Tiorac. Volume, 157 e
oubie foct | wower, 10 cubic fect power, 10 eubio feot owe, 16
tper sucond, 1 L (‘L h ond. porsecond. ! set hoad, |POY second, et rend,
i i
North Raccoon : 8q. miles, | |
Al GIRIE CLEY 2 eernar vensnvneneesenremnerssasnsssesasnsannersesssss g 40 | 45 () 68 100 114
At Northvillo LA 80 | 0t 110 123 70 100
ADove SOUEN FO1K - cusnnsrncamecrecerinsvannanseronaasnon P 2,001 10 170 100 16 260 it
Middlo Raccoon ahove Sowth Fork. vvevenn P 509 30 HE 60 68 80 U}
Sontl Racooon ¢ |
ADOVE MIAAIE FOTK. 1 ovrnicaneemrannrsenassnssssrnasnesnnsassrsnessennne By 20 2 40 45 &0 57
Bolow junction ,......... OB ; G0 [{] 100 | 114 130 148
Above North Fork........ 1, 344 &) 01 110 125 160 187
Main Itaccoon:
Below junction North and South Forks..ou.ciienomiensciiiannciiarnnans 8, 145 a0 | o84 300 341 40 Gou
Abmonthe e, eeraeensiaaiinianenn memevariravaernarnnat Veenasnasuraraanann 3,020 2450 307 J10 HEW 70 34
Boono river:
N T O 617 i 2 40 | 45 6 G#
AL MmOttt ennees v ancninnenecorreninas S B4 it [ 70 80 100 1
Enst Fork Des Moeines: ;
AB ATZURL corees cemmeenn e eenceac e e ae s e aeae e eren e 00 | 0 W #0 o1 120 16
At mounth ! 1,957 70 80 10 | 125 170 103

besincn U ]
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Power utilized on the rivers of eastern Towa.

[Below Dubuque, to and including Des Moines river.]

s Total
Stream., Tributary to what. Htato, County, Eind "{:‘1’33}1%? manu- ﬁ‘m‘i}’fg fm'ﬁ‘{f;‘eld_ p})““’};i?;)f
wheels.
Feet.
Nississippi . caved TOWR e iinananas TOCKEON weveennnnennnens Flonr and grish cueereevons 1 12 18
JR S PP RN IR [N, weeellO crvienasiinaecenans| Flour, grist, and saw,..... 2 14 20
N\ 1 R PPN U S [T i) SN BV v aesmnnnrnaniecesonas 1 i 80
P { [ deenr8O cumunnanaacas JONEB.ccrcnmnnrnns vaevan Tlour and guist cvvvernnnen 2 14 100
RN [ SN [P [ TR Dolawnrs coevvaniarnnnns Flonr, grist, and saw 1 11 65
JR | 1 S PR I RO ceeelld ce v imnein v enneen| Tlonr and grist ..., R b ] 535
....................... FRY 1 PO I ¢ 1371} Y1011 15 PURPOIURPPPOUON POROY 1 [ S PRA 1 16 [
Y[ I [RTRRUEN Clagtomn. ceveensensnsvaasfansidlo oo 1 8 o4
MAGUOKOER vavvevanresvenves . . wo| TOEKEON covenivnianenans RN [ . . 1 8 o6
N D 1 WOolon v vasenrmnnnrrrnsnne 1 7 100
. Dulmique . veneses| Flourand grist . covinenans 3 31 82
P P [ P wenwe| Jlour, grist, and snw...... 1 11 100
Y (R I SO PPRPRRPRPRRN i \ 1) (17 SR . 1 11 [
] TACKEON cvamenraas e Tlour and gl vvevenvnnns 5 5t 109
J TOReE. ceiraessananar-nes| Flour, grist, and saw...... 1 12 40
Delawaro . cevenns ceenn | Tlour and grist ceaeeinens i 324 10
................... [ 7131 1 14 14
IR T [ O 1 10 8
o| Flowr and grisb «veaaasaens 3 My 130
BAW vemvecraravnnnnsrsnsns 1 7 05
Jd Flone andl grist cevavienens ] 11 100
3 104 175
2 bt 88
Buehaiinte vevucncanaennsfs 3 a 78
Blavl Huwlk. 1 i 16
Bromor ouau. 1 [\ 60
Mitehell vu.ne 1 0 27
[H1R5117%) S 6 47 120
......... FPPURINN B . wo] TOMEH canranaserenrranna]s 1 7 it
........ wsetlo, ve | LAND cenannesninannnenas 2 164 53
L Baehanim eecavonaniane. k] 3 60
B P [ TP weantlo . o Foayotto.aiesias 8 18 40
TOWH o vnunvanner nanasnanannnne Misslasippi veecdrenell0 wcninnanneees] TOWBY cecnrirvavrns snes 1 [ 83
D0 eivecrvavonsvesnssonnaos]snesCl0 sannae JRPONY U RO wenen| TONDHON oevaseomasrnnss.] Flour and gelsh, .. 1 i 1ili]
veun(l0 cune N PR (¢ R, veres| Johugon (Coralville)....| (Sco desoviption). P 8 9-11 0690
anes@O s rnenmncanans Town (ILomostoad) ...... . [} 8-12 335
[T U1 SRR wewes| TOWRHoonan [P 1 4 100
o Tamp.oaaas Creenne 1 40
PR 5 1 T _f’_:a 1 I 10
verllD vennerernnens | D ][ COOPOIAZD cvvrrrene reaans 1 a | 8
S I+ SR ‘é Agrieultaral implements ... 1 20
weeell0 covniinennnas | € f ] Sash and blinds....oo.. 1 10
[N | S PAPOT.earrrrervariocnsrnns 1 L 40
PRI e aeeoroneensennnse| JlOUr ANA grish coesoruaans 2 133 1o
. 1 Maovsball..oeeenns [ PR (IS Creavaees v-an 3 18 176
[ | I 51T ST VeerllO s inaienineen [ bl 543
RPN S, PR ¢ [ N veeolll vemnennresaanrmanas| WOOIOR oocncnnnis 1 10 6o
Y [ RO U PORY 11 I 114 0114 Tlour and grist ... 1 7 12
veeulo o ITANe06k s wa e innrnennas PR 1 1] 20
Town... Washingbol eseus cnenus]ecus 3 24 149
RN RO [ R P TOW . eveanneraereneasvas 3 p2) w
 Enpglish. .. JOHNEON wvmarernsrnasnes 1 ] 14
1 Towa... RPN 2 12 38
TOWAectmnusnteascanssnns 2 10 59
veernn PRI ewwenes . 4 a5y 97
....................... DUBCAHNG vvrnnnsraenne]oenslld cuoeirvaiiaarvnnrenns 1 i 80
Tinn (Cedar Rapids) oo foe oo voneiemmannooimmaens 4 } { 315
....................... derr @0 ceveee s inonne were.] Toundery and machine ... 1 6-8 P
JR; U RSP R G RN 1 1} R N R (VRN o Sashoand Blindd.ees e 1 I 86
....................... ceas o0 evemeeeenes| TN cereaeverear e ereonn.] Flour nnd grist . coceennns 2 a1 30
...................... voenll0 aeneeneenea. | Blook Howlke (Waterlon).| (Seo deseription)...c..on-n [ [ o402
Binck Hawk (Cedar -0 ceanaiieaeinicnns 9 B-D 401
Talls.)
Black AWK veaveooeen.. | Flour and grist ....oeens . 2 13 i
 BIODIOY crrcansnenmranare veesll0ciennirinrnrnsnaraans 3 21 205
........ ceeellD seeieevvnnnnanaenas| Woolen.... vesnen 1 7
....................... .. . ORI cveaarncrvrnns| SAW eerannnn . 1 1] 18
DO cinncrarsnsscnsesunnmnclioesl0 errecncroniossunrnneanstonall inainiinneailonn. 00 vvvevevannemarnensat Tlourand geistooioaienn. 2 16} 110

301
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Power utilized on the rivers of eastern Towa—Continued.

- - " Total
Stream. Tributary to what. State. County. Kind “L{:‘EHL? e %;Tfuxlllll}{fs} ﬁllll(t)nts(t}d. pg“:'ﬁp(;f
whoely,
Feet

0 R IR L £ TOWRaeeinnnannns FIOFQoeeaeneannieaannns i 18 210
PO cricmaa e PRPIN (| I [ (I, .| Miteholl ... 7 il 458
....... caendlo .. ) PO [ SN 1, 7 118
..... ceendlo . Ao [ (N Ceeenveamas 1 13 a7

..... N 1 .{ Minnesota J Mowoer. e means - ld 7% aG0 -

.| Cedar.. JTOWa. c e LT T PN PR [\ S, U 1024 149 A

I T N [ Linnaeeeeoneeaennnans F 1 4 163 '
.o veantlo i PR R0 () N 1 17 5
«.do ceenllO e, Benton coveeeenanannl, Flourandgrist.cc.oeanenns 2 Hi 5
.do N b TE T ceelO e 2 17 85
.do P L PP £11 111 L1111 | R Cheeso and huttor......... 1 H "
do R Black IIowk cavivennnnn. TFlour and grigt.-.ooevaen. K} 16 B
-.do [T N L, Cheeso and butter........ 1 4 1
do R I IR Franklin. . ..ocieiiaenne Flowr and grigt. ceeevnnae. 1 an 55

do connllO Luiiiiieiaan, Chioknsnw.u.ioveivanae, el w e 1 10 U8 -

do ceenllO iriaeann, Mitehell covevrveanvnnnns N (OO ‘o 164 1 !E‘*l
-do Alinnesoti coven... Freehorn coovvienvnennnf-ee ol 1 4 40
Lo PR ) SN MOWET e avv i vinrnnrnnens ceuddlO .. 1 16 20

0 i cicnrvmnneee ] TOWR 61110 N ER ([ R 5 i 250 .
R SRR PR [ I B T DO, cenddlo L. * wh 2
R 1 R Y () R, ] Cerro Gordo vvvevnvann.. [T (T 2 48 110
TR RPN (1 SN . Wortly. ceaetlo . R} 16 130
[ T, Y (- BTN P YRR Woolen... 1 8 10
Y 1 U Minnosotn J Preefn . covenni e, Flour and grist 1 [N 15
ITTO LGV HITE) | S, ToWhan.e o Black Tawk.venovanas [N L RO 1 (i} 49
P s I DAY P (s SRR [ 1113 11 RIS ST | [ 3 o 83
F O | Treehorm oveviiiaainn, [ P 1 18 40
Y11 SN, ST Nevar IR 5 (6 {1 PAN PN PR [ P 1 10 75
5 7 RPN FRY | s SRR AP PO Corro Gordo .oovvevnnns crerlD s s i 48 202
WHOW e anenrimnmnriinnancnns| TANO vinniveanns FO N [ veatllO e i 1 1 A0
SHUNK «onveevmnnsneaonirnsae] Misstasippicoiieiniiiiaa.. Y ¢ [ TR, TalBevrnerenssnronsnsens RN | O 1 6§, o
T I . O O P U1 [ RPN Des Mo enneserenns P 1 7 43
8 e o T PN 1 R TIODUY aenemnrnernnencans D 5 i3] 083
Dooo...., P N [P o GRS PP (s SO Joffuraom vovviiveaaaias O (PP 1 7 70
B T Y [+ N [N R SR Washington ..o.c.ooee.. [ 1 i 50
THY cieetinmeaanrnnniaranns [P { TP S| [ SO [ N IMour, grist, and saw...... 1 1] i
IM s eeneens teatteanerianas Y 1) RPN PR (s SRR TeoRUK eevvrvnnnnnnens vamsllO veniniiiinnnen 1 8 10
T N JSP (RN PRSP (5 SRR PR (| I [ Flour and grist .. 2 a9 133
k& oo [ 1 SR MARAKER sovereinnenenes RN i/ S aer 4 a4 113

weentlo, . Y [ IO SEOTY cvvmee i caraan N 1 S e 1 8 e 100 i

Smnll streams. ... wmmreraaas Hkunk. (L TN TLONTY cncernnserensnanes BAW eenvinnes . 7 13 1
Do.... PR (' P (4 R TOffera0N «vanin vnvrean .| Flour and grist .. e 1 0 18
11 PR S 1 I8 0 e TOBPOE eenrn cranrssmanns ceedllo 2 10 42
North Sk, ceens iaveannns voleeai@o., [ PR Keokul.-.... [ veuidlo 1 10 R
TIO wrenninrmonnnsnnsvnnnns FETRY ( { J R ¢ RPN MBABKN vovnreivarnnnns PN L (I 4 483 240
1T PR RN [+ SR PP PPN [ T Towoshiek JEPR | 1 RN v 2 17 70
Des Moines covvneveenenvenna.) MIBSIRSIDPL cuvirneananranaen Missouri.. (4] 135 1 P B . s 1 8 ) 20
DO riirr e vaeellO cennnmnsnannunanioenene| TOWHauus Vemeeanas Van Buren (Donaparte).| (Seo deseription) ... ..... il 8 100
10 T P L Y U RPN Van Buren (Bentonse oo dlo coeerniiiianisinaens 4 7 1n1

port).

T v vmnrvnvnanctonssnnnenn D 1 P FRURY T« I, Wapello (Ottumwa) couleee i cenvennanicnnn vhevas 7 8% 276
b 8 T T P | [ Y {4 R, Mazrion covvnveeeninnnnn, Flour and grish . cvevsvnnst 1 5 kil
DO e ivvenciiariareriienna R L RN PR (+ R 03 ) [ Y 1 5§ 120
0 RN P | [ PR [T PRI (4 JRRORPRIORNY [ § 41 11110) (11 SN [ [ RN RN 3 38 217
b 0 1 P PR ;1 A P PR U S . Palo A0 cceennvennnnnn, [ | SR o eaiaeaasaaas 1 8 80
DO erernvinnn [ R (L O vesned| Minnesota........ TACKBON vvnrnirnnnnnnnns O 1 RPN 8 25 208
T JRE U R S I [ IR Cottonwood.vuuvesvunnn. R 1 10 70
Do...... PR [ PR () I, . [N 1 Aureay..oven .. PRRPON. cenllO e eremanas 1 8 51
Middlo viver.. cre e . covenan] JOWRa oot Warren. ..., PR JR U 1 7 50
Do .. ouan JRPRR | (N FTSPRY [ IO, Tlour, grist, and sow..... 1 i 38
Do .. ..o .. .| Madison .... .| Flour and grist veveennnnn. 3 HE! 8
Do . . Lo .. .| Adair, ... PO H) 5% a1
Raccoon ... B Y T U LR Polk.conn.n ..o b G0
Do . PN FODRN Dallag ...... ceelld e e 2 113 &
North Raceoon .. . P (s S PSR T O T R N 2 19 100
Do PR (< I .| Greent.......... R 11 P 5 38 108
Do Y .| Cavroll...... ceendlo . 1 7 20
Do o ... .. Calhoun .... Q0 vnervennnrnninassanes 1 10 18
Do 111, SO SRE vevevn e imainrianearas PR 1 SO, vemeeans 2 19 62
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Power utilized on the rivers of eastern Iowa—Continued,

109

Stream.

Tribntary to what.

Middlo Boecoon.camee e venann
Do crveenannns

3 reasanans
8 S -

South RAcCoM.vssurnrsvaonss
DO cwnnns

1)0 veverenncnananeens ceenle

BOUNG +eevrannn- SN
Enst Fork Deg Moines . .o....

m
2
=
2,
=
=
=
E
z
M
.

Jdewaalo oo

Sonth Raceoon. v vininnes
R () RO,

Raccoon....

Dos MoInehawuecaciecer e,

Midsissippl vemmavvnseenennn

P g

PR SN

B A7) SN L
Do ..... tereesranean O L[ PN
Missdsedppic e iiiinnienans treneransresataunntetang crnnsn

FIRST SUMMARY,

Magnoketn. ..., aevasserssans
NWorth Maguokein. . eesvnnnn.
Smll 8EEEINE e caee vsaneas

Wapsipinieon sovvvvvinnneoao.
Small BEreAMIB. vrr e vevaaesnns
TOWH caensinnnnnns
CelaY cuvvneriibnenaannsrennnn

3T | O T O
Small streams. coeveiieenssons

L g

Skunk
North SKunk. conveevanneanne .
Small strenms..ovneneeniaen.
Des Molnes cuenennnn

MiddIo  ererciennrnmarernnns
Raceoon .oy vannns
North Ractoon .oy vavvrvnaan
Middle Raceoon ceveven vannan

South Raccoom..ee.n.. P,

Boono...... O T

Enat Fork Des Moines ..o,

BBRCORD BUMMARY,

Maqueketn and all tributa-

' TieR, e

Wapsipinicon and all tribu-
taries,

Towa and all tributarvivs......

Skunk and all tributavies oo [ o civiinenens

Des Molnes and all tributa.

Tie8,

Maguolkotn ... .

Maqueketn and North Aa.
quokot.

Migsiasippl oconuens
Wapaipinivon....... .
Misslosipplcovverivenrnanan,
Towa . vurenens

TOWRetnteeveanransonvnnenens
Codar and {ributaries. ......

Mississipil.everecivinninne.

S VY| T

Mississippl . ...

Deg MoIncs cevurserarnvson
RN 11 SR

RAteoon cpneesiuvrenisannnas
Dos Molnes. covrvsverensins

Mississippl cooaiiinniiiia,

RO B

Sundry small strenms ........ TS (o
PYSERIEET) 151) UUROR Y (oo

Total eastern alopo of

Town, below Dubuque.

Migsiggippi cvousnns RN IS

[T P

Jdewendlo e

Jeeaddo

B TR T T R R LT T

TOWheeiuinrernsnas
R {1 RN

R {17 S

R (T

[ {1
[ T
R [ T

B
{11 .
RO U R,

[ U .

F L

venadlr o
R (T
PR { 1} R,
R [ R
O [

[ 15 PO

waadlo,
caeidlo

R {/{ R,
P 1 R
TOWheevmvsrunannnn

Towa and Minne.
aotn,

ol diiiiiiiann
TOWRL cavesnvennss

Jown and AMinne.
sola,

TOWh cvanen sanens
T [ S
vadlo

Town amd Minne
BOEM

TOWhieneevanianans
R (s R

1S PPN [ SR TN

[ 1 IO
veerll0 vicnianninnn,

secsavennannr

PR (S

voedlO wicunnniinnan

Town and Minno.
sot,

TOWR. s enrananannns

Town aud Mime.
gotn,

TJOWhunrwnnoun.
P [+ R

Sanmarssreacaaner

County,

Dallas cuciae voniinnaren
P11 R .
Guthrio. . ee e e vuniainnas
P {1 R
DS cuvnn veeacinemnes
PR {1 O
Glufhvie...
PPN 1) R,
Hoamillon . ...
Humboldt veeeiinniinn..
Kossuth coeevnvncnnnans,

Imlbuque
buguo eity).

TRERHON civeve vavnnannns
ClHRlon coveeeiirarsannay

cenell0 wviiei i

J Museating ceeeieaiennes

BCOtb e ernevmmormnronsans

AUm@s sHRsasrAmeveaenrnnac

GeUnuseMuNEE pamaarn i aas

“ecmusunsanseanaRaRanr AR

D T LT TR

evemtAmRURE et Rane T

wlraMmasacaiiavunniravusnues

P LR Y TR R T

T L T

meamasraNAmA AL Ry v

semavEavURAcUABEIR IS PR

P XL TR R

NTITE

Merwsseanaarnens

cMEmmsmMNasks gLy entsein s

BT TR T T R PP PPN

TR L LT S PP

B e I L LRI I e

Kind of niill or mann-
Taeture.

Number
of mills,

Total
fall uged,

Total
horse-
nower of
wheols,

(helow Du. |

Flour and grist voonsuee...
Flour, grist, and saw,.....
Tlour and grist cooaoy ...,
S0W ceenirnnnns
Tlowr and grist coveeooi.n,
Flour, grist, nnld sew......
R Y O
Flowr and grist ...,
[ O .-

RPN () S
TFlowy, grist, and saw......
Tlour nnd grist couveenn...

O O,

R N P

N R T T N

“remenamacs

P T I P Y

LR R R T I LR R T T TR

eRPmEursaarecanteaner R RBLans

P P R TR T TR TP

D R L T R

L R T T T T

GAMasYsdssunaanduanaturunne
sswmavhEEsrAtENIIR RN beaans
Ameewnanente am I Ter s aanry

Casmronrugnnrnastnusan Hunnny

AMaLassanunUstastansanaannns

AR E MM msEraE T s s s dreaNn

SmKmumaseTN A R s ansay

rmarbr e rhsasararinonns

MammuabusesnedtIasri s uratas

cememcommaTnrevivIas T asRany

Wemmmswmmmevvasiponsadtunane

Feet,
11

117
11
12
20

137
o8
161

043
1164
1084
247

1953
1184
400y

128¢
7%
5

181

153

H66
210
1,170

286
&00

40
102
25
12
106
24
149
170
() 456
a7
71

24
104
(1]
70
*110

113
344
407

44

848
2,307
2, 850

811
427

1, 260

U
5.
75
1,427

207
136
308
197
301
170
102

1,464
1,002

7, 084

1,345
%,006.

680
110

16, 41¢-

* Carrent-wheels,
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VIL—THE EASTERN MISSOURI SLOPEL.

Tfor convenience I include in this division those rivers, other than the Missouri, which flow into the Mississippi
from the west, below the Des Moines, down to, and including, the Saint Franeis; the latter has much of its course
within Arkansas, but the upper waters, the only portion having any available power, lie in Missouri. Between Des
Moines and the Misgouri rivers are encountered, suecessively, the following streams: Fox river, drainage area, 450
squaro miles; Wyaconda river, 452 square miles; Fabius river, 1,528 square miles ; North viver, 468 square miles;
Salt river, 2,956 square miles; and Cuivre river, 1,088 square miles. It may be said, in brief, regarding these streams,
that they have practically no value for power. They are very sluggish, and arve thought to have a fall in the main
portions of their courses but slightly greater than that of the Mississippi, which sets up into them for 2 or 3 miles
above their mouths, They drain a rather rongh country, well wooded, but entirvely deficient in springs; being foreed,
therefore, to depend upon surface drainage, they are characterized by great unevenness of flow; during summer
they run very low, and some, such as the Fabius, are said to become dry; on the other hand, after heavy raing
they rise quickly, overflow their banlks, and submerge their valleys far and wide, Salt river is the largest of these
streams, but probably would not itself furnish power, in low water, for more than a moderate-sized grist-mill, It
runs through a valley half @ milo to a mile wide, its own width between banks being about 300 feet. Thesoe are 12
to 15 feet high above low water, but during freshets the river rises 4 to § feet above them.

THE MERAMEC RIVER.

This ig the fivst important stream south of the Missouri. It rises in Phelps and Dent counties, pursuing thenee a
northeasterly course to the Mississippd, whieh it reaches aboub 20 miles to the south of Saint Louis. It drains au
area of 3,014 square miles, the surfaco of which is rough and broken, thiekly timbered, and with a rather shallow
covering of soil, The river runs through a valley ranging from a quarter of aile in width, in the npper course,
to three-quarters of a mile toward the mouth. Limestone cliffy frequently rise abruptly from the water, while on
the opposite side of the stream is alevel bottonm subject to overflow in high water. The bed is usually of gravel,
though rock ledges and bowlders occasionally appear. The upper river is deseribed as a chain of rapids, and these
continue, at longer intervals, down stream; none of them, however, aro of great piteh, the largest fall at any
point below Phelps county being 6 feet in 950 yards, 16 miles from the Meramee iron-works, The banks vary
considerably in height, but, exclusive of the bluffs, average 10 to 12 feet above low water; where suceeeded by
hottom-land, they are composed of alluvial soil underlaid by gravel. '

Elevations and slope of the Merameo river.

" Falt Distanco | =~ Tall
Loeality. :y]}gfgtég;\ between | between | botween
"1 pointex | points.* pointa,

Feet, Fect, Ailes, [ It permile
Hend BPYING . eerrenivmnernnneenan, 554 ! o - 2,00
Mouth of Courtols......... 615% { .
Mouth of Bourheuse. .ocvrevenavenne. 458% 3 17 403 510
Mouth of Big river .............. 407 % ZT‘ :;, t ::
Mouth of Morameot veeeneenrnennn. se5 |9 ) ’ )

*Erom roport by William FL Morell, chiof ongincer, to the Missour! logislature, in 1840,
t Low water in Misaiasippi river, by lovels of precision under Mississippi River Commission,

The Meramee is not a navigable stream. It was examined in 1880, under the direction of Captain O, H, Brnst,
corps of engineers, but the expense of rendering it navigable was found so large, in comparison with the commerce
of the valley, as to forbid such improvement. The Saint Louis and San Francisco railroad follows the greater part
of the course of the river, nowhere distant more than 7 or 8 miles from it (except toward the mouth), and the
Missouri Pacific road also runs along the lower valley for some distance.

The width of the river increases from about 150 feet in its upper course to 200 feet in the middle course, and
300 or 400 fect near the mouth. The steep rocky slopes of the country drained quickly shed into the stream the
water of heavy rains, and sudden, rapid rises occur. The range Letween high and low water is S to 12 feet in the
upper waters, and 17 to 20 feet in the middle and lower portions. The principal rise is in the spring.

The use of tho Meramee for power is eonfined to afew small flouring- and grist-mills of one or two runs each. Only
-one of these was visited by me—that located in Phelps county near a remarkable spring which is the source of

-one of the upper forks. This spring is at the foot of a hill, and discharges ifito a pool of half an acre to an acrein
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extent, formed by a rude dam of stones. A race some 400 feet long starts from the pool, and conveys water to a
small flouring-mill using 12 feet head and 20 horse-power. The flow from this spring is estimated at 100 to 150 cubie
feet per second, and is very uniform, through greater in spring than in summer. The stream issuing from it I observed
to be 50 to 75 feet wide, 3 or 4 feet deep, and running with rapid current. At the distance of half a mile it unites
with the Iast FFork, The Meramee iron-works, immediately below tho spring, formerly used its waters for power
to run a DLlast-furnace and forge, employing a hoad of 12 feet and seoveral water-wheels, rated in the aggregate at
300 horse-power. These works were quite extensive, but are not now in operation.

The Meramee has sufficient volume to supply powers of considerable size, the chief disadvantages to its use
being the sudden and rather heavy freshet rises, and the difficalty of finding high firm banks simultaneously on
both sides. Tho discharge of the stream at its mouth, as estimated by Mr. Max Ii. Schmidt, who conducted the
government reconnaissance in 1880, is about 600 eubic feet por second in extremely low water, or 0.15 cubic foot
per second per square mile of drainage area. The average rainfall on the basin is 11§ inches in spring, 12 in summer,
8 in autumn, 7 in winter, and 38§ for the year. I estimate the volume and horse-power at different points on the
river as follows:

’ Fstimated volume and horsepower of the Meramec river.

LOW WATER, ORDINA- { LOW WATER, AVERAGE | AVAILABLE 10 MONTIS

RILY DRY YEAR. YEAR, I¥ AVERAGE TEAR.
Dratnnge |
Looality. Drainng - ‘ N -,
aret., Volume, 1]1](5‘3?2%1‘0111 Volumoe, ﬂ'hﬁ%i%g{“"l Volume, Tl‘f;g{.:g"“‘

cubio feul pinver, 10 culio feet

. cubio feot v
persocond. | FIECE Eperaecond, pover, 10 power, 10

ot Liead, fLOT8CeONdl fd i,

Sq.miles, 1

BEl0W COUTLOR cev s erenans vnananeeernns feeveennereronan e reeeeneenveae oo 1, Bu6 U o0 2ng 320 840 dan
Southern edgo Franklin county .. 1,630 pall] 261 30 Wi 440 00
Below Bourbouso we.... haaniacisavae e emerhmiraRsas AT R mnes ey 4, (60 400 40 H00 k] i T84
Mouth of river..ceeceevnens W00 L GRO l ity TO0 705 070 1,102

Below the junction of what are known ag the Dry Forke and Water Tork, the prineipal tributaries of the
Meramee are the Courtois, drainagoe area 450 square miles; Bourbeuse, 831 square miles, and Big river, 919 square
miles. The Bourbeuse and Big rivers discharge 70 to 100 cubic feet per second in alow stage, and the latter with
its tributaries furnish power to quite a number of flonring- and grist-mills, all, however, of small size and averaging
not over 20 horse-power each.

el on the Merameo river and (ridularies,

Tuble of power wiiliz

Total

Stremm, Tributary to whit, ‘ Stato. Sounty. Kind of mill, IJE‘E{}'\?&? mﬁ‘gf‘%. p‘l)"?}(;"r“&f
wheels,

Teet,

Frapklin .coeeneanns vaned Flourand gristvu..ineens 1 17 10
Orweford ....o.s wavaraes RN rewenreearenas 2 28 23
I 171 ] RO PR [ s 1 L 12 16
LA L0 U153 ( PR IRV, 1) BN ! 10 74
o Saint Feangoif.cas v venrllO ... 2 13 ig
JR [ TRV PN |1} S [P 1 24 12
Washington cevaee veoees R 11 180 210
A Teanklin . eveinicens .. PN i OO ) kti} 32
Washington coeaevvaaan. B0 vennarronnnnsonarsanen 1 83 15
Crawlord ceeuvesias ooof Flour and grist . oeeennns [ 79 70
PHEIPR. werssvvsana s P DU [ RPN remeeiiaiinny 1 12 20
.......................... 81 485} 517

THE SAINT FRANOGIS RIVER.

This river, the only important one joining the Mississippi from the west between the Meramece and the Arkans:}s,
has its sources in Saint Frangois and Iron counties, in southeastern Missouri; it runs southerly into Arkansas, its
course throughout being approximately parallel to that of the Mississippi, and em pties a short distance above Helena.
Its water-shed lines are not easily traced, but embrace an area of at least 8,000 squarc miles. This section presents
two marked varicties of surface. The upper waters of the river drain an elevated region constituting a slope of
the Ozark mountains, which strike easterly through southern Missouri. This slope falls away quite rapidly toward

the south and east, and is the only portion of the Saint Franeis basin possessing water-power of any value; it has
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valuable resources, and abounds in ivon, copper, and lead ; deposits of zinc and ofher minerals are also found, At
the headwaters are Pilot Knoband Iron mountain, almost solid masses of ironore of the greatest purity, CGranite
and porphyry hills rise in some cases 600 or 700 feet above the river, a.nd in variouls l.oc:mlitieg there nret quarries of
granite, sandstone, and limestone, suitable for building purposes. f.l.‘hlS upper .ba_nsm 1s‘well t‘llllb.(’el‘ﬁd with a young
growth, comprising oak, ash, hickory, walnut, poplar, beech, and pine; the soil is fertile, and yiclds good crops of
corn, wheat, oats, and rye.
South of this elevated portion of its basin the Saint Francis enters upon o low, partially sunken region,
extending from the southern boundaries of Wayne, Bollinger, and Cape Girardean counties, Missouri, 200 miles
farther south to the mouth of the river. The country thus drained is covered with a net-work of bayous and
“swamps, and the expansions of the streams and bayous into lakes. Irobably the sm‘i‘a'ce was nzuttp‘aﬂly somewhat
rolling, and there are now numerous ridges, usnally extending in a north-and-south dlr(_action,‘\v‘lpch are entirely
above overflow; but in the great earthqualke of 1811 & large part of the district in the vicinity of New Madrid sank
DLelow its former level, and is now frequently submerged. These lowlands are thickly overgrown with eypress, oak,
elm, ash, hickory, and willow ; the soil is rich, and where above overflow produces well in corn, wheat, rye, oats,
and cotton. In northeastern Arkansas the river widens into a lake some 70 miles long, and in places several miles
wide.
Slope of the Saint Francis river. (@)

o] Irall Distance Tall
Locality, i‘dg‘:!f“‘: hutween | Dotween | between
| BDOVE R inta, points, | pointa
Feet. Fect. Miles. | It peranile.
Ilendwatora*...... reamerarrecananan 1,150
Trontont.cee e cenmnrrnrerrscnasinanns 887 \g 836 140 [t
East boundary Dutler county, Mis. $14
sot, % i 174 0. 88
Wittaburg, Arkansns].....ooviiinne. 161 1 o \
DLOULH OF TIVOE ceveeanrreevererenens 144 |3 B 18 0,18

* Tovation as glven by ITumphroys and Abbot,
1 Low water at crossing of Snint Louis, Iron Mountain and Southorn raibway,
$ Low wator in Mississipp, by lovels ol preeision undor Misaissippd Rivor Commission.
Wore.—The distances betwoen points aro by map maasurement above Witisburg; lut {he distaneo and fall {rom Wittshurg to the mouth axe from the report
of an examination by Mr, I, T, Koona, (Seo Report Okief of Engineers, 1871, p, 358.) '

The Saint Francis is navigablo for light-draught steamers, cight months in the year, to Wittsburg, but above
that point its course is much obstructed by bars, snags, and overhanging trees. Thero are no large towns on the
lower river, and the upper basin is also sparsely settled ; Pilot Knob and Ironton, near the source, contain populations
of about 1,400 and 800, respectively.

The upper river has a rocky bed and a quite rapid descent. At the crossing of thoe Iron Mountain road, on
the eastern border of Butler county, there is a difference of 17 feet between high and low water, but the oscillation
is probably much less farther up stream, though I do not know its amount.(b) This part of the river is rather
inaccessible, and is only to be reached by the Saint Lonis, Iron Mountain and Southern railway, which, except in
the extreme upper waters, is distant 10 or 12 miles from its course. There is scarcely any use of wator-power on
the main river, but an occasional small mill is to be found on the little tributary creeks in Wayne, Madison, and
Bollinger counties. In Madison county there is a single flonring-mill on the Saint Franeis with 10 fect head and
59 horse-power, and a few miles west of Fredericktown the Silver Mounntain Mining Company use 80 horse-power
from the stream. They obtain a fall of 22 feet over a granito and cement dam ; this structure is 24 feet wide at the
base, battering to 6 feet at the top; the length of over-fall is 163 feet, and the length ot Laso 05 feet,  The breast
of the dam is faced with a mass of riprap 6 feel wide at the foot and gradually thiuning out toward the top.

Before reaching the region of the lowlands the river now and then cuts through rocky hills, in narrow gorgoes
well suited to its control for power. One of these gorges eceurs in Madison county, near the Tinstein silver mine,
and is thus described by Mr, William Binstein :

The Baint Francis river, in its course through the northeastern prart of township 83, range 5 east, cuts through granite and porphyry
bhills, the elevations above the river bed on sither side being from 200 to about 400 foet. The bed of the river is solid roek, conforming
to the hills on either side; the channel is from 100 to 150 feot in width, with an amount of -wator in the dryest season of the year

suﬁ’?cient for a very respectable power, limited only by the greater or less heiglt of the dam. Tho flow of the river is steady, andin an
ordinary stago will give, with 10 feet head, an important power at lenst ten months in the year,

Mr. Einstein further says:

Rocky ehasms, similar to the above, oceur at various other places on the viver, but, to my knowledge, none so favorably located. I

consider these features as being very favorable for the development of power if the site selected is ensy of nccess. Oceasional floods
oceur, but nothing to interfers with properly-constructed worlks,

o This stream is 250 miles long by general course, but its actual length is probably at least twice as great,
b At Ironton the rise in Stout’s ereek is about 4 feet,
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Tor a considerable distance into Wayne county the river continues rapid, with a width of 175 feet at ordinary
stage, and is said to have value for power; at several points it cuts through solid ledges of rock, and occasional
side channels, or sloughs, are to be found, of which advantage might Lo taken, TUpon approaching the swamp-
lands in the southern part of this connty the stream becomes ontirely unsnited to use, and is subject to quite
heavy oscillations, which increase in the lower course to from 30 to 50 feet.

Toward its mouth the river is joined from the west by the I’Anguille, a sluggish stream flowing throngh
swamps and lowlands., In the upper basin the principal tributaries are the Castor and Little rivers. The former
and the Whitewater, a branch of Little river, furnish power to a fow small mills, but they drain only limited areas
: v before entering the lowlands.

' The rainfall on the upper basins of the Saint Francis, Castor, and Whitewater, is approximately 104 inches in
spring, 10 in summer, 10 in antumn, and 9 in winter, giving 394 inches for the year. I'rom the even distribution of
the rainfall anmong the seasonsg it is to be expected that the streams run comparatively low in summer and antwnn,

There being no recorded measurements of their volume, I estimate their discharge and the corresponding horse-
power as below: -

Jistimated volume and horse-power of the upper Saint Francis viver and tributaries,

. AVAILABLE 10 MONTUS
IN AVEUAGK YIRAR,
Stream and locality. I)r({xli&{x‘gn Volame. [Mhooratteal \
cwblo feot )(])f‘gle";.‘"m
per socond.| for iy dea
S miles,
Saint Francls, duo west of Frodorlgktown, aRund ahove 384 LY} 102
tho Tdttle Saint Franois.

Saint Francis, at southorn lino of Madison county... TaL 170 103
Saint Xranois, ot Greenvillo vovv.. cevnans inaman verren 1,007 240 78
Castor, ot Buchanan .ooeweeeaenns vvanene wemera e Py 66 08
Whitewater, at Strodorvillo ... tavesmanaearenas filit] &6 a8

Powey utilized on the Suint Francis river and tributaries, with a summary for the easiern Nlissours slope.

Total .
Streau. Tributary to what, State. County. Kind of mill. (ﬁ;“xllll‘il])]%l: fu;{?}:c}d. p%‘gﬁ%f
wheals.

Feot,
Saint Francis. cvvveevenvnnan, Minsissippt coevesvareaonss| Missouri..oveeoan] Madison.oes v s oaand| Flour nnd grish ... 1 10 &0
1 NP PR i [ SR emeetasananonaos [ 1 R, ven il vacanseinranssreana| (SO MINO)enenremanannes 1 g 80
Sundry 8br00MS cveuuasrecesss] Snint FranciB.coveennn..an. voeal0 ceneiinienna | Sfoddard .. en oines ens| Tlonr and grist veevaeaoeas 1 7 20
DO cvineniinerenasmnaans R 1, T O PR ([ PPN PP I RN PP I 3111 | S R P P 1 10 80
L T Wagne ... e.. [PPSR o Flour and grist eeen.. 4 i1 68
Do vieeninans O 1N IR 1. BN cenvasnnnns| Flonr, grist, and saw ..... ] 20 43
DO enranennn Jdo .. P I 410 () PR 1| B [
Do ... PR [ PP PR 115 s 1 8 13
Do ... Bollnger coeeevarinnnss| Wooltn........ reameraines 1 14 5
Do N [ S, aameanraena .| Tlour and grist ... 6 42 51
Madigon ... (PPN I L) . 4 i} 9
TLOI ecncimmmnnnn vrvenans| Woolthoovvieniiiaas b [} -8
Capo Givardeait ,....,..| Tlour and grist.c.ouonees 8 a7 78
ceerfl0 carnrniaaaas +-| Flour, grist, and spw ..., B 2 110
e P PP 20 260 639

BUMMALY,

Meramoo and tributarvies ., ...} Miggissippl cevevveennvireaafeacsloee rvreirinusficinntiscnnns arrenenanaue 31 435§ 517
Baint Francis and tributarics. |, ..d0 ..o fearemmman sy PR () temres usmuan caaunronnrr 29 200 030
Broall SECAMB vaveeanivareana, ee .o ... PN I 10 1 PR 1 9 30
i Do.. MONPOO vawmmsrnvnnrnvane 3 11% 44
i Do . 5 3 1TT0) | N vens 1 8 44
i Do Jolforson coveaea. 2 40 i1
Do ceinaes Saint Genoviove..uueuw. 2 20 27
Do.. POrry.cecennasn wrn s 2 18 652
O vriivimnsirnenaas v Y (o .| Four, grist, and saw ..... 1 10 46
Do PPN (; R eo| BRW aeeiians vrrenrsmninans 1 1L 16
Do Snint Frangois Tlour and grist ....cvvenn . 1 20 20
Totol..nnn S N 73 862 1,400
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VIIL—-THE ARKANSAS RIVER BASIN.

The region included within the water-shed of the Arkansas river lies between the Mississippi viver and the
Rocky mountains, and though it stretches a long way cast and west, may be said to Le located, as a whole, a
little south of the center of the United States. 1t extends from the meridian of 91° to midway between the meridians
of 1060 and 1072, At the source of the Arkansas river it touches latitude 39° 22/ north, while near the mouth its
southern limit is Jatitude 83° 49/, The tract of country thus embraced has an area of about 188,000 square miles, (a)
and is distributed among difforent states as follows :

Square miles.
Colorado covvnrivnannaann havemreneean e et etaecateanereeannr sy rnanan PR 28, 100
New MoXiC0 vevecarermmanecannns e mes iuenuneaamnae e nan annane aa. ey Mo meeananaeaan i a wemne 16, 900
Bauses cuoenenen.- er e Ceeeeenaeeans N P eeeersamea e, e e eaan P 41,800
Indion territory ... ev.qnn e PR, P Cenmmmn s taeans 45, 400
TEXIS e v nea casmesvonasnmesnamnons sunsosnss v eemameeennn basoananrans venes e b eeniaeh tMmmue waasvann 12, GOU R
MIKSOULE. ccue vmcmsanns sonmns sunamnamneaanan Ivameensenemsereneanenm s aaae e - e her e o 13,700
ATTEATIEAS v e e e eee e e aanaae wene v ameeeaanate e s cmemtaeamaeaaann. fmrema e 21, 600
Totaleeecen caerarnuarcnnn e e e easasiean amessnear e an v e, tememr thmmat annr .. [ 183,100

These arcas must be regarded ag only approximately correet, for the water-shed lines cannot be Iaid down with
a certainty of their being accurate upon existing maps.

CHARACIERR O TIE SURFACE,

The vast aren of tho Arvkansas River basin presents great diversivy in topography and resources.  Ab its
western boundary are the high ranges of the Rocky mountaing, shutting it off from the hasin of the Colovado viver,
In those mountaing the passes range from 8,000 to 10,000 fuet in: elevation above sea-level, while some of the peaky
tower up to heights of 14,000 feet and upward., Mount Lincoln stands directly at the source of the Arkansas
river, and is more than 14,000 feet high, From this point the water-shed line extends southward along the ridge
of the Sawateh. mountaing and Sangre de Cristo range into New Mexico; it is then continued still farther, around
the headwaters of tho Canadian river, by the Thos and Las Vegas ranges,

West of longitude 105€ the country may be desceribed in general as mountainous, heavily timbered, mainly
with pine, and abounding in minerals, the mining of which constitutes the ehiet industry,  Llere are found extonsive
deposits of silver, gold, copper, lead, and coal, Notwithstanding that the mountains seem almost impassable,
railroads have been built up the valleys of the streams, and the more prominent mining towns, such as Leadville,
Rosita, Silver Cliff; and many others, have been rendered casily accessiblo,

Bast of the mountainous section we enter quite abruptly upon the scemingly endless volling praivies, which
streteh on to Missouri and Arkansas, Ifor 500 to 600 miles from the mountains the country prosents substantially
the same genernl contour; there is, on the whole, an imperceptible and gradually decreasing slope away from the
mountaing, averaging for the whole distance not far from 8 feet to tho mile. In the immediate vicinity of the
mountaing the natural fertility of the soil, the rapid descent and, at certain sensons, considerable volume of the
streams, combine to render irrigation successful, and the soilis made to yield fine crops of wheat and othep
araing. Farther east, however, the soil is sandy, irvigation is less practicable, and wo f{ind o rogion without
timber and unsuited to agriculture.

Approaching the meridian of 98¢ the character of the country greatly improves; timber is found to a moderate
extent, the rainfall is greater, the soil is productive, aud, as o rule, returns large crops of the various grains, South
of the Great Bend, near the southern line of Kansas, are found large deposits of erystallized salt, in beds § to 28
inches thick, supposed to have resulted from the drying up of salt ponds or salt branches of the Cimarron river.

A very large portion of the Indian territory is embracod within the Arkansas basin, Corn is its main production;
though wheat is also raised. Tt is said that cotton was formerly largely cultivated south of the Canadian and
along the Arkansas and Red rivers, and some attention is still paid to it. West of the meridian of 070 a narrow
belt of timber, called the Cross Timbers, stretches from the Cimarron southwesterly into Texas, West of this
Delt, and north of the Canadian Fork, the country is Larren and unproductive, covered in places with salt and
alkaline deposits. The northeastern part of the Indian territory is well timbered with cottonwood, oak, sycamore,
elm, walunt, ash, and yellow pine. Considerable portions of its surface ave fertile, but it contains also much poor
and rocky land. Underlying it are found iron, brick-clay, and some good building stone; a valuable bed of
bituminous coal extends from this section of the territory in a northeasterly direction through Missouri, passing
across the adjacent corners of Kansas and Arkansag.

a Including White River basin,
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Nearing the eastern border of the Indian territory we encounter a rough, mountainous section, which continues.
into Arkansas and Missouri. Crossing the Arkansas river near Fort Gibson, thelow ranges of the Ozark mountains
strike northeasterly across the corner of Arkansas, and passing through southern Missouri constitute the water-
shed between the Missouri and White rivers. (¢) These mountains abound throughout their extent in iron, lead, zine,
and other minerals, and thus confribute valuable resources to the secetion in which they lie. A spur, known as
the Boston mountains, runy easterly into Arkansas for a considerable distance, and forms the more immediate
northern water-shed of the Arkansas river. To the south of that river iy the Washita range, said to be so barren
in appearance that the gray sandstone of whicl it is composed gives the prevailing eolor to the landscape.

Ixtending from the western border of the state to Little Rock are the coal-fields of Arkansas; they lie on
both sides of the Arkangas river, and embrace the greater portions of all the counties touching npen tho stream in
the distance mentionad. The coal is of a semi-bituminons variety and has been principally mined from the strata
of the Upper Coal Measures ; it ocenrs in veing 3 to 9 feet thick, and frequently lies less than 20 feet below the
surface. In the central part of Arkansas the surface is less rough, and is largely a volling prairie, with more orless
timber interspersed. Toward the mouth of the river tho country is low and heavily timbered. It has a rieh,
Dlack alluvial soil, and where cultivated yiolds largely in cotton and corn.

The population of the Arkansas basin exhibits an important inerease for the decade ending in 1880, having
more than doubled,

Population of the Arkansas River basin.

[From Mr, Gannolt's statistics,)

Populatlon] e Topulntion
L . lation r ¢

DOT B ONT ' per square
Diloinigro] 1860 R THTR

Approxd- {Topulation,

Drainage basin, mato aron, | 1870,

Ky miles

l
ArRADBAS HVET voviiiiinanianianunas| 185,071 ‘ G, 472 8| 1,273, 863 0.8
CIMALION TIVOT cvran vvvenrvonirinnen 16, op2 [/ .7 S N 1,802 (U9
Conndinn HYer .ueen.n... reeeeaernas 41,652 ] 17, 081 04 08, 538 0.5
WhLO 1Iver souieiii srnnecnarcnins . 20, 560 t 201, 010 [V 461, 300 15,0

Tho great bullk of settlement iy confined to three sections along the river: The valley of the main stream
and White river, in Arkansag, and southern Missouri; southern and soufheastern Kansas, and the country lying
toward the foot of and among the Rocky mountaing,

CLIMATE,

The elimate of the vegion which I am deseribing i in the main extremoly healthy, Thoe low valleys along the
lower Arkansas and White rivers, like similar districts clsewhere, are visited by fovers and malarial diseases;
but even there the higher lands are rogarded as favorable to health, and farther westward are the elevated prairies,
the value of whose dry, bracing air is everywlhere known,

The winds vary considerably with location and season, but the prevailing wihds of the year may be taken asg
Iying between west and sonthwest, in sontheastern Colorado, while for the vemaindor of the basin they range from
southwest to southeast.

There are fow long-continued records of temperature and rainfall for points in the Arkansas Lasin, bub the
ones given below, which are copied from the Smithsonian tables, will give a very good idea of those pheromena in
different sections:

W g
Toculity. Llovation. | Latitude. |Longitude. jof 't)ill'):l;ltle‘\ﬂ Spring, | Summer. | Auntwun, | Wintor, Year,
on.
AEMPRRATURE,
Fect. o ¢ o/ oI o oI, °F, o R
Tort Tnion, Noew Mexic0..eaeeaennns F N 4,670 3664 | 104 57 17 40, b8 67,04 1. 40 33,50 50, 6%
Tovt Garland, Colorado.evesserasnnsnaarnicinsranecnnns 8,800 37 02 105 40 15 42,03 G4, 39 43,40 20,63 42,86
Dodgo City, IKONSNS « vanvssreenessreanssuessesanasnnans 2,400 37 30 100 00 *9 64,11 70,42 54,10 32,30 04,28
Fort Gibson, Indian territory «.oeveevanses T hto 35 48, 05 20 80 0L 08 70,13 01 44 40,25 060.48
Tort Smith, Arkansas. ,.....veeuns 400 85 23 04 20 19 60,70 78.48 0, 65 40, 56 60,12
HAINFALL, Inches. Inches. Inches. Inches, Inches.
Fort Union, Now Mexie0..ccwe cueres 6, 670 35 bd 104 87 17 212 1192 273 L2 190, 00
Tort Garland, Colorado. .. 8, 305 a7 82 105 40 13 8.28 6,70 287 2,51 14,86
Fort Larned, Kansas ceeeveveee.s 1,082 a8 10 08 67 11 617 9,03 4.0 1,07 2142
Fort Gibson, Indian texritory §500 a5 48 05 20 R 11,44 9,65 9,30 6, 57 36,06
Fort Smith, AvKRUBAB. ccoiinetreiarinarnesannsnnans 400 35 21 o 20 23 11,97 1407 9,87 7,80 40,61

* Combined with signal-servico obsorvalions.

I am informed by Mr, James Dun, chief engineer of the Snint Louis and San Francisco railway, that in northwestern Avkansas,
near the headwaters of White river, the Ozark mountains have an avorage elevation of about 2,200 feet above tide.
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GENERAL FEATURES OF THE STREAMS.

My work in conneetion with the Arkansas was confined to short visits to some of the more prominenttowns on the
main river and its tributaries in southeastern Xansas,and to thevicinity of the headwaters of White and Black rivers
in Arkansas and Missonri, My information upon other andremote portions of the basin has been derived from various
sources, mainly from Humphreys and Abbot’s report, and more recent reports by other government engineers of
surveys and examinations of the different streams, made with a view to their improvement for navigation. (¢)

The characteristics of some of the more important streams will be given in detail further on, hut there are
cortain features possessed by them in common, and due to circumstances of topography, soil, and climate, which
may properly come into this general deseription. In the upper basin of the Arkansas there are numerous streams,
prineipally short ones, which either lie wholly in, or at least havoe their sources among, the mountains, In their
genoral character as mountain streams they probably do not differ essentially from the upper tributaries of the
Platte, which have been deseribed in connection with thab river, and doubtless might be used to good advantage
for power in many cases if there were any demand for such nse. Those which head in the mountaing and find their
way oub into the prairies are used more or less for irrigation, The rainfall and temperature of the section drained
by these mountain streams are caleulated to cause large variations in their volume during different seasons of the
year, The average winter temperature at Ifort Garland, Colorado, is 11 degrees below freezing point, and is less
than 2 degrees above freczing point at Fort Union, New Moxico, so that a large share of the precipitation of winter

" in the adjoining regions must be, and remain during that season, in the form of snow. At the same time the amount
of winter precipitation is very small compared with that of summer. Thus at Fort Union more rain falls doring the
summer than in all the rest of the year, and far the greater part of the summer rain is in the two months of July
and August. At Fort Garland there is a similar disproportion, though not quite so marked. It is cvident, then,

- that the streams will run lowest in fall and winter. In spring the melting snow will swell their volumes, and during
the heavy roing of summer, quickly shed from the steep slopes of the mountains, they are likely to reach their
highest piteh.

Pagsing eastward from the mountains the rivers encountered, as far as the borders of Missouri and Arkansas,
are distinetively praivie streams ; they rise in the praivies, and their conrses lie entirely in them, They arve bordered
by Dottom-lands ranging from half o mile to. several miles in width; in castern Oolorado and western Kansas the
bottoms are rather light and sandy, but farther cast are alluvial in natore. On either side thero rise rounded
blufty, 50 to 300 feet high, and beyond theso is the open, rolling country, the valleys of the streams being depressed
below its general level. The river beds are sandy or muddy, and to a large extent are composed of quicksand.
‘There are 1o abruptfalls, and the streams run smoothly, with quite uniform descent, their prevailing slope decreasing
a8 they recede from the mountains,

The abscueo of rock ledgoes upon whicl to found dams is, of conrse, very unfavorable to the improvement of these
:streams for power; but it need not debar such improvement, for where crib-work or framed dams have been found
impracticable on such rivers, those constructed of brush have usually met with good success. They suffer another
great disadvantage, however, arising from their large variations in volume. Many of them, especially tothe west of the
Great Bend in Kansas, run dry every year, while others, such as the Neosho, and even the Arkansas itself, have
shown the samo phenomenon at intervals, These fluctuations in the streams are duo, partly to the surfuce features
of the country, and partly to peculiarities of climate. The effect which the nature of the surface has upon their
stendiness may be judged from the following extract from areport by Mr., William Tweeddale, civil engineer, to the
ITatchinson (Kansas) Water-Power Company; speaking of the Arkansas river, he says:

The water-shed on oithor aide is rolling prairie, the soil of which is mostly cluyoy loam intermixed with sand.  Ior ages destitute
-of trees, tho soil in Colorado and westorn Kansas, under the combined influence of rains tropical in charneter, high winds, and scorching
southiern sun, has becomo 8o compact that herbagoeis scant, The surface, thus unprotected, has hecomo baked so asto bo nearly impervious
to wator, for which reason raing do not infiltrate into the soil and form aprings, but are carried at once into the water-courses, Irom 50

miles west of Hutehingon to the south line of tho stato the country is comparatively level, and the soil sandy, for which renson springs
aro moro abuundant, and the flow of tho streams is plentifal and uniform,

The same unequal distribution of rainfall among the different seasons which has been noticed toward the’

headwaters of the Arkansas continues eastiward through Kansas, Thus at Fort Larned we find the average winter
rainfall to be 1.67 inches, and the summer rainfall 9.63 inches; at Fort Scott, near the castern border of the state, the
precipitation is in winter 4,79 inches, and in summer 16.37 inches.  With such a comparatively hieavy rainfall in the
warm season, prineipally concentrated in the Iate spring and early suunmer, and oceurring largely in the formn of violent
showers, which fall upon the hardenc( surface of the ground, nothing less could be expected than that there shonld
be great fluctuations in the volumes of the streams. Nor is it surprising that in the late summer and autumn, when
the rainfall has greatly diminished, and evaporation is still large, they should in many cases sink away in their
sandy beds and disappear from sight. Over all the upper Arkansas basin the evaporation must be great; the
prevailing winds are west to sonthwest, and, having Leen stripped of their moisture beyond the mountaing, seek
to replenish their store from the country to the east.

a I'rom Captain Thomas H, Handbury, corps of engineers, I received mueh information regarding the lower Arkansas river., Many
railronds supplied lsts of elovations on their lines, and to Mr. H. V. Hinckley, assistant engineer of the Atchison, Topeka and Santa I'6
railroad, T am especially indebted for the altitudes of a large number of points on the main and branch lines of that company.
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Southeastern Kansas is the portion of the Arkansas basin in which there is the most usoe of water-power,
though if is quite limited even there, In recent years there has been a large emigration to that section, resulting in
s much increased cultivation of the soil; new railroads have been constructed, giving good facilities for transportation,
and many flouring-mills have been built, which have availed themselves of the natural power afforded by the rivers
and minor streams. Very many available sites still remain undeveloped, though I am unable to mention them in
detail, as might be practicable with rivers of o different nature. These praivie streams preserve essentially the same
features throughout, and, generally speaking, if they have any value for power, they can be improved at short
indervals all along their courses, certain local advantages determining the selection of one point or another.” When
possible, the total fall in different sections of the streams will be given; the power utilized in the successive connties
will appear in o subsequent table; and by comparison of these two sets of data some iden may be formed of the
axtent to which the streams will still admit of improvement.

Passing eastward into Arkansas and Missouri we encounter, successively, mountain and praivie streams, and,
approaching the Mississippi, sluggish rivers and bayous entirely valucless for water-power. The streams of the
first two classes would, no doubt, furnish many good powers of moderate size, though they are unreliable'in flow,
The section in which they lie is sparsely settled, and very deficient in railroad facilities; naturally there is but little
demand for power, and they are scarcely at all utilized,

An inerease of storage capacity beyond that afforded by the mill-ponds along the streams is, in general,
Iinpracticable in the Arkansas basin, There are no lakes or ponds, worth mentioning, to be raised by dams, and
though, in the mountuinous section near the headwaters, and again in Arkansas and southern Missouri, dams
might Le thrown across favorable ravines and a limited amount of storage developed, yot in the open prairies thers
aro fow such opportunities, The side streams arve small; it is diffleult to find snitable foundations for high and
strong dams; and if the reservoirs were permitted to spread much beyond the natural banks heavy damages
might be incurred from the submergenee of rieh boltom-lands,

IX.—THE ARKANSAS RIVER.

The Arkansas river has its source in the central part of the state of Colorado, in latitude 390 22/, and longitude
106012/, Tts course ig in the main southeasterly, and passes successively through southeastern Colorado, portions
of Kangag'and the Indian territory, and the state of Arkansas, In Desha county of the latter state it emptiesinto

*the Mississippi, about 700 miles above the mouth of that viver. It measures 1,100 miles along its general course
from source to mouth, but its actnal length is much greater, The old mouth of the river wag at Napoleon, and
at high stages more or less water is still discharged at that point through its former channel; but ordinarily its main
volume flows through a bayou or cut-offy several miles above, into 'White river, and so in a manner reduces that
stream from thoe position of an independent river to that of a tributary of the Arkansas. Inclusive of White river,
the Arlansag drains an area of about 188,000 square miles, or, withount that stream, about 160,000 square miles.

Tor its first 120 miles the river is & mountain torrent, lowing over a rocky bed, with clear waters and rapid

~descent.  Above Cleora the arca drained varies from10 to 35 miles in width, and is hemamed in by mountains, down
the sides of which tumble numerons little streams making their way to the main viver. The elevation of the latter
is reduced from about 10,000 feet at the head to less than 5,400 at Cafion City; in other words, the river loses nearly
one-half ity elevation in 120 miles from the source. The Denver and Rio Grande narrow-gauge railroad follows
closely this portion of the river to the headwaters,

In the vieinity of Cafion City the Arkansas makes its escape from the mountaing, after passing through a
magnificent gorge, or eafion, in which it descends more than 300 feet. From Cafion City to Pueblo, a distance of
about 41 miles, the avernge descent is not far from 16 feet to the mile. Tor the greater part of this distance the
river averages 175 feet in width, and is 3 to 5 feet deep. Puceblo is the most important city in this section, and has
a population of about 3,200, Irom Iucblo to the eastern boundary of Colorado, the principal tributaries of the
Arkansas are, in order, from the north, Fountain qui Bouille, Chico, ITorse, and Big Sandy erecks; and from the
south, Huertano river, Purgatoive river, and Two Butte creek. The general course of the stream is, in this distance,
easterly, running 70 to 80 miles above the gouth line of the state.

Intering Kansas, the river rans for 140 miles, by general course, in a direction a little south of east; it then
makes a bold curve to the northward, forming what is known as the Great Bend, after which it flows sontheasterly.
Trom Preblo to the Great Bend, its width seldom exceeds 450 feet. The slope gradually decreases from nearly 15
10 Detween 6 and 7 feet per mile. A single flouring-mill is returned as using the stream for power in Pueble county,
but farther than that it is unemployed in this section. The bed is, to a large extent, qnicksand ; the stream itself
is shallow, and inclosed by low banks, beyond which spreads a prassy bottom half a mile to 2 miles in width
between Dludfs., The lutter rise 50 to 300 feet high above the stream, and are succeeded by the undulating surface
of the pratrie.
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The peeuliar features of this portion of the river and the adjoining valley are thus described by Mr. Tweeddale:
Tho bed ia sand; the banks are low, but well defined, being somewhat rolling, with an ineclination toward the river, as woll as in
. tha diveotion of its flow. * * * The soil of the valley is of Drift formation, formed of the detritus of the Rocky mountains, and is of
varying character, with a predominance of sandy loam. The subsoil is mostly sand and gravel, and while the melting of mountain snows
in June and July keeps the river banks full, the addition of storm waters of the violent raing in Colerado, amounting at times to from 2
to 3 inches in one hour, and which, falling upon an impervious water-shed, raige its tributaries, Purgatoire, Rulo, Muddy, and Sand
orocks several fect in an hour, does not cause the Arkansas river in Kansas to overflow even its low banks. The surplus water sproads
out laterally, and is stored subterrancously in the adjacent porous subsoil The same conditions exist with ita tributarios in Kansas,
particularly Paswneo, Walnut, and Cow creeks, To this is added the further peeuliarity that while the streams in the Arkansas valley
aro relioved of tholr surplus waters by adjacent porous subsoil, the subsoil s in turn drained by the stroams. Of this Cow oreck is an
ingtance, draining not enly the subsoil, but also through it the Arkansas river,

As indicating the existence of this substratum of sand beneath the surrounding valley and continuous with
the bed of the river, it is stated that wells sunk in the bottom-land strike water at the level of that in the Arkansas,
and rise and fall with that stream,

Occasionally the Arkansas rans dry, although this has happened but once in the past five years. The last
occurrence was in the spring, and, without any apparent cause, was followed by a sudden restoration of flow, which
continued through the year. On such occasions as this the river is literally dry, there being very few pools, even,
to be seen. The streteh most affected appears to Le that between Sequoyab and Sedgwick counties, Kansas.

The principal tributaries received in Kansas are: From the north, Pawnee Fork, ‘Walnut creek (of Barton
comunty), Cow creek, Little Arkansas, Walnut creck (of Cowley county), and Grouse creek; from the south,
Rattlesnake creek, No-Ne-Squaw river, and Slato creek. South of the Arkansas, near the Colorado line, Bear
creelr runs northeasterly toward the main stream, through Stanton county, but comes to an end 8 or 10 miles
gouth of the river. Similarly, to the north, Poison creek runs easterly through Greeley and Wichita counties, but
terminates its course in o basin or depression near the center of Scott county ; its general direction is toward the
headwaters of Pawnee Fork and Walnub creek, but whether there is any evidence of an underground connection
with thoso streams I cannot say.

The Atehison, Topeka and Santa X6 railroad follows the river closely from Pueblo to Iutehinson, and then
strikes off to the northeasttoward the Missouri river. Along its course are numerous thriving towns, such as Dodge
City, Larned, Great Bend, and ITutchinson, with populations of 1,000 to 1,600; farther down the river are Wichita,
4,000 inhabitants ; Winfield, 2,800, and Arkansas City, 1,000,

Tast of Fort Dodge the country rapidly improves in fertility and in the extont of cultivation; while in 1878
Tord county showed less than half of 1 per cent. of ity surface under cultivation, Reno county returned 17 per cent,
Sedgwick 28 por eent., and Cowley 21 per cent, cultivated. (@) The principal productions in this section are winter
wheat, corn, oats, and grass. ,

At Iutehinson, in Reno county; at Oxford, in Sumner county, and at Arkansas City, in Cowley county, the
river is drawn upon for power, and these are the only points east of Pueblo county, Celorado, at which it is so
employed ; these powers will be deseribed later in detail.

Trom Wichita to Arkansas Oity a thin growth of cottonwood and willows constitutes about all the timber that
ig to bo found along the stream. The bed is largely of quicksand, In the vicinity of Wichita the river is 600 to 800
feet wide, and has a slope of about 3 feet to the mile. Tassing down stream from Arkansas Oity more timber is
found, comprising oak, hickory, pecan, walnut, hackberry, and on the low grounds close to the stream abundance of
cottonwood. The banks and bluffs become high and rocky, and the river bed is more contracted. Toward the
mouth of the Cimarron it grows wide and sandy again, and in places attains a width of 2,000 feeti. (b) Of this part
of the river Captain Bell, who led a detachment down its course in 1820, wrote:

Below the Cimarron we were all immedintely struck with the chango in the appearance of the water of the river. No longer of
that pale elny color to which we have been acoustomed, it hns now assumed a reddish hue, hurdly unlike that of the blood of the human
artories, and is still perfeotly opaque, from thoe quantity of an earthy substance of this tint which if holds in suspension; its Danks and
Dars aro, from doposition, of the same color.

The river passes through the Indian territory in a tortuous southeasterly course, its slope gradually decreasing
to less than 2 feet per mile. It receives nwmerous important accessions from tributaries, of which the principal are:
On the east, Buck creek, Verdigris river, Grand or Neosho river, and Illinois river; on the west, Salt Fork, Red
Rock creck, Black Bear creek, Cimarron river, Elk creel, Canadian river (the largest tributary), Sans Bois creck,
and Potean river. ~

The lower course of the Arkansag is bordered by wide alluvial bottoms, subject to overflow unless protected by
levees. At Little Rock there is to be seen, on the north side of the river, a high rocky bluff of dark-colored slate,
and a mile or two below on the south side a similar hut much smaller exposure. These are called, respectively, the
Big Rock and Little Rock, and are the last exposures on the river. Below Little Rock the Arkansas valley soon
merges in the wide valley of the Mississippi. Below Fort Smith the chief tributaries are Lee’s, Mulberry, Piney,
Point Remove, and Cadron creeks on the north; and on the south side, Petit Jean and Fourehe la Fave creeks.

@ Report Kansas State Board of Agrioulture,

b See report of reconnaissance by J. D. McKown, Report Chigf of ‘Enginem's, 1879.
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Blevations and slope of the Arkansas river.

S Distance Tall Fall
Loonlity, Blovation | 500000 | between | Dotween
' above seq. points, points, pointa,
Teet, Miles, Feel,  |Ft per mile,
Source 0f viver *..cuvinneens tearectnntaarnna .o 10, 000
67 2 .
[8 11 Y F . . 7, 050 » 50 4. 08
48 1,074 .
CRTOn CLbY Feeer urannuerens v——aee erraeaanns 5,870 a w8
40 003 18,
Pueblof..eeieniiannnas fmeusiemsessanareraserues 4,718 5 861
152 1,245 8.10
GranAdnd.cineesessviveeussrmnsrannancrorannns 8,408
133 000 7. 20
Dadgo City t . 2,400
196 1,276 | . g, b4
THOMIED § vemrveeeeeeeeeeemanens mmeneanan 1,004 |3 y 2 s
66 170 2,76
Arkansns Clby §.eeneriaresrervirircaniinnesnns 1,05 {3
106 240 2,82
Mouth of Snlb Creok§ «.euvnnvencurancenenns “es 700
ki) 145 1,88
Mouth of Cimarron rivor§...... [
84 140 mn
Near Fort Gibson [|...~« [ pemmenraateuns 505
127 122 0. 00
Van Burven (7 milos below Fort Smith) T....... 883
205- 161 ¢, 61
Litlle ROOk*™ .. ceenvrnrnnnnsvmmenernenenans 209
260 115 0, 46
Mouth of riverit ... 107

*Elovation rs glven by ITumphreys pnd Abbot.

t Lovel of rails, Denver and Rio Grando roilway.

t Lovol of rails, Atohison, Lopoka and Sante 16 radlrond.

§Lovel of water surfaco, IMatancos and fall bolween stations from report of 7,1, MoXKown,
{Sco Report Chief of Engineere, 1870.)

| Low wator nt Missouri, Kansas, and Toxas railway orossing,

1 Low wator by lovels Saint Touis and Ban Francigeo rallway,

** Low wator by lovels Snint Louris, Tron Mountain and Southorn rallway.

it Tow wator in Missiesippl viver.  T.ovols of proolsion undor Mississlppi Ttivor Commisalon.

Nore.~Distanocos above Wichita ave mensurad upon land-oflico maps; distancos bolew Kort Gibaon ave as given by Mumplireys and Abbot.

I'have but fow data concorning the actual volume of the Avkansas. Major Suter states that the ordinary low-
water discharge at the mouth, exclusive of White river, may be taken as approximately 3,000 cubic fect por second,
and {the ordinary high-water discharge as about 70,000 eubic feet per second.

Mr. McKown, in his report of a reconnaissance between Wichita and Tort Smith, gives the discharge at Arkansas
Oity, in a very low stage, as about 675 cubic feet per sccond.

I was informed by Mr. Knight, consulting engineer of the works at Arkansas City, that the discharge assumed
by him wag about 600 cubic foet per second at extreme low water, '

On the 5th of December, 1875, the volume at Iutehinson was measured by Mr, Tweeddale, and fonnd to be
about 1,500 cubic feet per sccond, The stage of river was described as “ordinary low water, 5 feet Lelow high
water”, and it was stated that only in one or two ingtances during five years had the river been much lower.

The results of these different measurements may be thus summed up:

Discharge of the Arkansas river.

al fCl};l}i() . .
Loonlity, D‘;&?&}:‘“” eui:ig%.u%h secon ({“]))1;)1- Remuka,
: porsocond. | aquare
amile.
8q. miles.
TIntchinson, Xonsas..... 80, 000 1,600 0,080 | Mr. Tweoddale's mensurement; 5 foet below high water,
Arkansas City..orevveuss 44, 500 600 0.014 | Assumed by Mr, Enight; exirome low water,
R o 1 P, weeens| 44,500 076 0,016 | Measured by J, I), MoKown; very low stage.
Mouth of river ..........] 160,000 8, 000 0.010 | Ordinary low wator as estimated by Major Suter.
Douciinemaannnen «u] 160,000 70, 000 0.487 | Ordinary high water as estimated by Major Sutor.

Considering that, in the Great Bend and above, the Arkansas has occasionally run dry, its volume in a low stage

is evidently an uncertain quantity; it is probable, however, that over the section from Hutchinson to Arkansas
City a volume of 600 to 1,000 cubic feet per second may safely be relied upon throughout all ordinary years.

) The river is subject to three floods during the year-—the first in January or I'ebruary, the second in June or
July, and the third in November; the second of these is the highest, In the upper river the slope is snfficient to
pass the volume of water found there without overflow of the banks, and the range between high and low water is
small, being only 7.45 feet at Wichita. The lower river has a moderate slope only, and there the oscillations are
large. Toward the mouth the ordinary range between high and low water is 26 feet, and the extreme rango 45

feet. At Little Rock the rise during the flood of 1844 was 33 feet. .
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Navigation is practically confined to the section between Tort Gibson and the wouth. Iiven there it is nncertain,
in some years being good for eight months, while at other times low water has forced @ suspension during an entire
year, Asido from low water the most serions hindrance to navigation is from snags, which are contributed by the
caving banks, In 1875 and 1878 successful attempts were made by private individuals in sonthern Kansas to
transport grain down the river, and two or three trips were made in safety to Littie Rock by small light-dranght
steamers. The portion of the river between Wichita and Fort Smith is so wide and shallow that its improvement
for navigation would be diffienlt and expensive; the cost was estimated ab £900,000 by Mr. McIown, assistant
engineer (see Report Chief of Iingineers, 1879).

Drainage areas of the Arkansas river.

Laocnlity. Square miles, Loeality. Squaremiles,
AL . e 801 || Arkanaas City, nbove Walnub orook.coere vveneeniieincinncesiinene 44, 502
HMolenn, above Trout ereek coavu.a... 778 || Bolow Sadb IPorT s es v neinniine i ciiec i ananan aanaey . 64, 417
] L R R 1,440 || Bolow Cimarron viver.... 70, 048
WCation City, DELOW GPAPY CLCOK vvrreecrruveriairaeriassiiiianrranans 3,051 || Bolow Vordigria viver ... 84, 662
Jueblo, bolow Fountain ereek. . oveaneiiaann 5,611 || Bolow Neosho xiver ..... 07, 408
Wesgt Lag Animay, abovo Largntoire Mvor oo eeomeeiancaiiaaiina, ) 18, 844 {| Below Canadian river..... P remmeemmraaaen 145, 083
Granndn, thove GTaNAdn CT00K caverreeesiaariacansstanecrnivennns 23,086 || Fort Smith, helow Poteau river..cicvewsciiniannas [T -140, 205
Dodgo City, Including Poisen Fork ...caiivnniien O SO 20, 238 || LI ROCK.vem e vrnnannieieencrernns [ 157, 400
TTutchinson, nbove Cow creck, but ineluding Poison Fork....oivune 80,000 || Pino Bl e emn it cet it ir crrte e cerm e eenn s rman 158, 529
‘Wichita, below Littlo Arkansas .o ceeeenanns U 41,847 }| Mouth, nob including White river c..ucoiiiiiiiiiiiniiin 160, 418
QIXTOVL v avrrrvesnannnenmeancssasasstastsantsrarsvenansnamssnsvrnsnes 44,030 || Mouth, including White rivor..ceieiinuiiviiiiiiiiciianionviansans 188, 148

Ascending the river, the first and most important development of power on its course is met at Arkansas City,
4 miles north of the Loundary of the Indian territory. It is a place of about 1,000 inhabitants, an important
slipping point for Indian supplies, and is reached by a line of the Atchison, Topeka and Santa Fé railvoad, The
city lies upon the left of the Arkansas, on a point of bluffs formed where the valley of Walnut creek merges in
that of the main stream. At very low stages the width of running water here does not exceed 200 feot; in a
medium stage the river is 1,000 feet wide, and is confined between low bauks 5 or 6 feet high. Ifarther back are the
high banks, rising some 30 feet, and separated from each other by a total distance of 1,600 feet. The river bed is
composed of quicksand 9 to 10 feet deop, underlaid by limestone of poor quality. The fall at this locality is about
2% feet per mile. . :

It was known for many years that there was a considerable difference of level between the river and the ereek
at points opposite the city, and by use of a carpenter’slevel the fall was determined to be 35 feet. A company was
formed, and a consulting engineer engaged. An accurate line of lavels was then run, and the fall found to be—not
35 feet—Dbut o little more than 20 feet. The enterprise of developing the power was begun, however, and when
the locality was visited by me, in the spring of 1881, was well under way. The general design includes a dam across
the Arkansas, and a canal running thence, around the edge of the bluffs on which the city is built, to Walnub creck,

The dam ig to be 700 feet long, 4 feet high, 44 feet wide at the base, and 12 feet wide at the top, and to consist
of brush mattresses, arranged in successive layers. The mattresses used are 106 feet long, 4 feet wide, and 1 foot
thick, the brush being bound in layers by short lengths of sapling which are wired together at their onds, The breast
of the dam will be formed by o series of off-sets; the lowest of these is to be 12 feet, and this with the suceceding
one of 8 feet will constitute an apron projecting 20 feet down stream. The two remaining off-sets are to be 1 oot
cach. Intermingled with the brush of the mattresses are hay and straw, designed to catch sediment, of which the
Arkansas transports a large amount, and so render the structure compact and tight. It is expected that as the
sand shall be scoured out from under the apron the latter, and possibly the entive dam, will gradually settle
toward a firm bearing on bed roclk.

The canal is designed to be about 24 miles long, 4 feet deep, 15 feet wide at the base, and 27 feet wide at the top,
It will have a grade of 2 feet to the mile, and an estimated capacity of 260 cubic feet of water per second. After
allowing for the grade of the canal there remains an effective head of 19 feet, equivalent, with the abovo volume,
to 560 theoretical horse-power. This will accommodate five or six flouring-mills carrying as many as five raus of
stone each. But a small part of the ordinary flow of the river is thus utilized. By measurements previously given
it is seen that even in unusually low water o discharge of between 600 and 700 cubic feet per second may be relied
upon, or more than twice the estimated capacity of the present canal,

Although at the time of my visit the improvements had not been completed, the erection of one flovring-mill
had already been decided upon by parties from Illinots, and it was desired to attract as many other establishments
as possible to this point. The locality is well sitnated, in a good winter-wheatregion ; the climate is mild, rendering
out-door labor possible throughout the year, and abundant supplies of wool are to be obtained near at hand.

The next power on the river is at Oxford, a small place of 400 inhabitants, about 40 miles below Wichita, on
the west bank. The mill is located on an old slough and obtains a Liead of 10 feet, but uses only a small portion of
the available power ; it carries five runs of stone and has a capacity of 150 harrels of flonr per day, The slough is
24 miles long, the lower half mile serving as tail-race; having hecome semewhat filled with sediment, o low rude
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122 WATER-POWER OF THE UNITED STATES.

dam of brush and stone was thrown across the main river, so as to divert water to the mill; the effect has been to
scour out the deposit of sediment, so that the dam will soon be unnecessary, The mill is entirely out of reach of
floods, and is not troubled to an appreciable extent by backwater.

Above Oxford no power is nsed from the Arkansas till we reach Hutchinson, in Reno county. This city Hes
upon the north bank of the Arkansas, on the line of the Atehison, Topeka and Santa I'é railroad, and has a
population of about 1,500, The river is here 1,600 to 1,700 feet wide between banks, and lias a fall of over 5 feet per
mile, Passing through the city is Cow creek, which rises some 55 miles to the northwest, in Barton county, Itisa
small, crooked stream, only 40 or 50 feet wide; its lower course lies for a congiderable distance in the bottom-land
of the Arkansas, and for the last 12 or 15 miles an interval of less than 2 miles separates the streams. The descent
of the creelk being less rapid than that of the river, it happens that, at a point 3 or 4 miles above Hutchinson, there
is & difference of level between them of 17 feet. Across the intervening space a canal has been dug, about 2 miles
long and using up in this distance the entire fall of 17 feet; it has a width of 40 feet, and with its large slope the
water has a rapid current. By raising the banks of the canal a large part of its fall could be utilized for power at
the point of entering Cow creck, The original design was to bring water from the creek (ve-enforced, if necessary,
Dy means of a canal from the Arkansas) through a long race rununing east of the course of the former stream. It
is snid that a fall of 16 feet would thus be rendered available, due simply to the natural descent of the creck,
This plan was not, however, carried out.

As now arranged, the water runs down the channel of the creek some 3 miles, to what is known ag the “ First
Water-Mill”, at Intchinson. This mill has 10 feet hoad, five runs of stone, and uses 60 horse-power. Power ig
also employed by a small corn-mill,  The privilege which I have described has been easily improved, and is well
gituated, It is ontirely out of reach of Lackwater from the main river, and itk supply from that source is easily
controlled by head-gates at the entrance of the canal,  Formerly there was & low dam across the river at that point,
only 18 inches high, and merely designed to divert water into the canal. It consisted of two rows of sheet-piling,
10 feet apart, simply driven into the sand without reaching any firmer bearing. They were joined at the top by
«apping pieces, the whole being surmounted by w low framed structure filled in with stone. The dam was of light
construction, no timbers larger than 4 inches square being employed. A rude apron of plank protected the river
bed below the dam. The structure remained in good condition for two years and was then partially carried away;
but as the head-gates now opened 2% feet below the water surface there was no longer any necessity for a dam, and
it wag entirely removed.

But a small fraction of the entire available power at Hutehinsou is utilized. Assuming a low-water discharge
of 600 cubic feet per second, this is equivalent, with a head ol 10 feet, to 680 theoretical horse-power; and during the
greater portion of the year the power is much larger. By using proper means to divert water into a canal, which
should run with moderate slope from the Arkansas to the creek, or by raising the banks of the present canal
sufficiently, o series of valuable powers could nndoubtedly be formed,

The Arkansas is not used for power at any point in Kansas above Hutcehinson, and only two mills are returned
upon the stream in Colorado. Its rapid descent and the freedom of its banks from overflow are advantageous, but
the wide channel and treacherous sandy bed are very unfavorable to improvements for power. The best methods
of using the stream seem to bo those employed at Hutehinson, Oxford, and Arkansas City, and it is not improbable
that similar opportunities exist at other points, Near Hutchinson, on the south side of the Arkansas, a small
stream calledl Salt creck emptios, its lower course lying for some distance near the main river, It is claimed that

apower mightbe developed there in the same manner as at Hutchinson, and such an improvement has, indeed, been
disenssed,

Principal tributaries of the Arkansas river,

[Tn order from the month.)

Stream. I)gl&x::‘mgo Stream. D’;l'gé'{:ge Stream. Drn“lfgx:“g"
Sq. miles, 8q. miles. Sq. miles.
Whito 1ver.cee e e re e ivemrmmnranarrvnnans 27,025 || CImOTTON LIVOTr. srssicieercannnsersesnsces 18,407 || Powvneo FOrk vovevvreceennnunee Wnveerenne D, 633
Trourche 1a I'ave creck.cunureens reeraren 1,183 || Black Boar crotk. «vvvu. vavune vavrnnwuvans 628 Il T'wo Butto oroek..v.vvinee vneenieraanstos 1,217
Cadron oroelt ..ou.. tarsemamenvarsnans ot 772 || BUek 006K cvvenrrvenmnersrnnnencnanvens 205 {| Big Sandy €reek «avveeenrermermnesnnrvaas 3,792
TPoint Removo orock 495 J} Rod R0tk ore0k.ee v vavecernesenancnnans 514 || Purgntoird ¥ivor veveeeesseessenn 3, 002
Totib Jonn ereek .. cvurienevnneacennneenns 968 | Salt Fork.......... 6, 840 || Horso creok.....uvenss P, 1,810
Ilinois ereck..ov ... 302 {| Gronseoreok........... 401 ]| TImpag ereelt..eeecninernnsnenrenvuinanna 460
Piney creck..... G60 || Walnat ereck.......... fenmenevaranaiaes 2,000 || Apishpnriver......... wn vesune 1, 166
Mulberry viver.. 460 }| Slate creelk ..... P feeveaniaaaaas 315 || TTuorfano Tiver. e ee o verranrrmnmne canens 1,701
Polemit TIVOr .o eiecvenarnannaoas pevmenan 1, 068 2,282 || Chico eretlt.cncvvs ivnvunnnnsunnssnninnnns i B33
Snn Bois ¢rook @ 1,287 |} Snint Charles PIVer. ccvve i cevaavascanenns 562
Canadian river . 40, 221 700 I Fountain qui Bouille croek,...eeoeeeens., 081
0} $L0 VT | trmmmsunnses P BB7 720 || Oil cveck....ccuvnnnin.. 432
Tllineis t3ver.cvneeeass cemmdraamneee e, - 1,470 1,719 || Grapo oreels 636
Noeosho rivor. R, 12,740 || 'Walnut oreck (empties near Great Bond) 1,784 |i Corrant ereoki ... uecssesicuiaercnaernes 810
Verdigrisriver....o.cuvnue wreassaennaeaes 8, 010
*Does not reach tho main river,
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THE WHITE RIVER AND TRIBUTARIES,

The main fork of White river rises in northwestern Axkansas, near the southern boundary of Madison county.
The river pursues a very crooked course, and leaves the state at a point about 50 miles due north of its source; flowing
through Barry, Stone, and Taney counties, Missouri, it re-enters Arkansas about 40 miles cast of the locahty where
it previously left the state, and continuing thence in a southeasterly and southerly direction joins the Arkansas near
its mouth. It is 360 miles long by general course, but its actual length is probably more than twice as great.

The area drained by this river comprises 27,920 square miles, and includes a large part of northern Arkansas
and an important section in southern Missouri, Three varietics of surface ave presented—Ilowland, praivie, and
mountains. Ifor 80 miles, more or less, above the mouth the country is low, swampy, and subjeet to frequent
overflows, It is covered with a heavy growth of oak, ash, walnut, poplar, bee(,h, and gum. The soil is rich, and,
whera above overflow, yvields fine crops of cotton, wheat, corn, rye, and oats, To the west of this section the
conntry becomes hilly, und is in part timbered and in part an open prairvie. The timber is mainly hard wood. The
bottoms are very productive in eotton, corn, and tobaceos the aplands are less fertile, but are well suited to grain,
and are especially valuable for grazing,

Advancing westward from the ecentral part of Arkansas, the surface grows more and more hilly, then quite
rough and brokeun, and finally rises to the summits of the Ozark mountaing, among which White river heads and
runs ity upper course.  These mountains cross the northwestern part of the state, and then extend easterly through
southern Missouri.  They seldom rise more than 500 to 1,000 feet above their bases, or more than 1,500 to 2,000
feet above sea-level.  They do not exist throughout as o regular and continuous range, but largely as disconnected
Inobs and peaks, with frequently very rocky, precipitous slopes.  They are chiefly composed of limestone, sandstone,
granite, greenstone, and clay slate.  The main ridge is thickly timbered with oak, while south of it, in Missouri,
thereis a great deal of pine. "The elevated distriets comprising this portion of the White River basin have a healthful
climate, but generally o shallow and poor soil.  They ave, however, very rich in mineral resources, such as iron,
lead, and zine, and contain deposits of copper, nickel, cobalt, and tin,  The streams ave clear, cool, swift-running,
and well sustained by springs, ‘

According to the statistics of Mr., Gannett, the population of White Iiver basin incroased from about 201,000
in 1870, to about 461,000 in 1880, Advancing up stream. the moroe important towns on the river are: Augusta,
population about 700; Jacksonport, 700; Batesville, 1,300 ; Forsyth, 300; and Fayettoville, 1,800, It js scen that,
considering the length of river, there are few places of muach consequence, The greater part of the country
drained by this river is, in faet, spavsely sottled and very difficult of access. The Memphis and Fittle Roelk, and
the Saint Louis, Iron Mountain and Southern railroads eross the lower river; in Missonri, the Saint Louis and San
Trancisco line approaches within about 30 miles of its course, and a paréially-completed branch of the same road
passes southerly through Fayetteville, follows closely the West Tfork of White river, and after piercing tho Boston
mountaing continues southwesterly to Fort Smith, on the Arkansas river,

Abhove Forsyth VWhite river is a clear, rapid stream. Its valley is contracted, the Lottom-land narrow and
showing but few spots suited to cultivation. Tha banks are of good height, with frequent rock exposures; the
bed is generally rocky, consisting mainly of limestone, with more or less cherty quartz.  The river isin this section
200 to 300 feet wide, 2 to 5 feet deep in an ordinary stage, and is a constant suceession of shoals, but without any
abrupt falls. It is subject to heavy freshets, with a rise of 10 to 12 feet above low water,

Below TForsyth the neighboring country continnes hilly and rough for 200 miles down stream, or to the vicinity
of Batesville. - “The hills and rock bluffs are very high and precipitous. The bottom-lands are narrow, generally
upon one side of the river at a time, and seldom over one-half mile in width”(¢) The banks ave firm, and the
width of the stream at low water is about 400 feet, There are no abrupt falls, but occasional rocky shoals with a few
feet of descent. At Blbow shoals, some 50 miles below Forsyth, there is an estimated fall of 4 feet in 1,000 feot.
In this portion of White river the bottom-land is 20 to 20 feet above low water, while the extreme freshet rise is
reported 1o be 28 feet.

Below Jacksonport, and thence to the mouth, the country adjoining the river is low, and during high water is
gubmerged to a depth of from 3 to 10 feet, The holtom-lands are cultivated in some places, but they usnally display
a heavy growth of timber and cane-brakes, and are intersected by many bayous and swamps. The average width
of this portion of the stream vavies for different scetions from 350 to 500 feet. The highest recorded rises in White
river have been those of 1844 and 1867. The top of the 1844 flood was 27 feet above low water at Saint Charles;
in 1867 tho river rose 204 feet at that point, and 29% feet at Jacksonport, overflowing the latter town 2 foet, and
the adjacent country 3 to 10 feet, in depth. Lowest water usnally occurs in July, Angust, and September; the
regular rises ave in spring and fall, and a fair stage of water prevails through the winter.

With an ordinary depth of water the river iz navigable to Batesville, 380 miles by water from the mouth,
Contemplated improvements will soon, it is thought, extend navigation nearly to the mounth of Buffale Fork, and
aﬁord an ouﬂej, to what is known as the Yellville country. Eventually navigation may be carried to Forsyth, 590

@ Seo veport by A, Livermore, Repert Chief of Enginecrs, 1871,
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miles from the mouth. Below Jacksonport the chief obstructions are occasional gravel shoals, snags, and some
wrecks. Botween Jacksonport and Forsyth there are more or less snags and overhanging trees, but the most
serious obstructions are a series of rocky shoals. At Buffalo shoals, the worst of these, work was begun by Major
Suter in 1878, the design being to increase the depth at the shallowest points by bmldmg seven spur-dikes of stone,
and in the C’huy of Engineers’ Report for 1880 three of these are stated to have been completed, with good results,

Blevations and slope of the White river.

. Tall Distonce Fall
Locality. Tlovation | 1 veen | Totween | Detwoen
ahove sen. | o points.* points.
Feet. Feet, Miles. |Ft. per mile.
“Hond of Wosb Fork tiiecseeeiranennns 1, 808 } 025 % 781
Rango 80, township 15, section 824... 1,278 } 708 . m 4' 0
Torsyth§ ..-... N 665 2 152 10 1' i
2 . 52
Toint 400 miles from mouth§ ........ 418 51 a 100 143
Toint 800 miles from month§ ........ 270 % v W 1' o8
i .
South of Jacksonport{f..cooeeeanaae 108 { a6 g0 o :(!
Ui !
DLouth 0f FFOr T vnnneeeeemnennnnnns w7 |3

* By map moensuremont above Forayth ; bolow that point as givon by government enginoers.
t Top of gap in Boston mountains, tunncled by Snint Louls and San Francisco railwny, range 30, township 13, seetion 13,
1 Lotw wator by Saint Louis and San Francisco rilway lovels,
§ Distancos nud elevations ag estimated by My, Tivermore, in report previously reforved to; elovations unrelinble,
Il Low wator at Suint Louts, Tron Mountain anil Sewthern ratlway crossing,
T Tow wator in Mississippi viver by levels of precision undor Mississippt River Commission,
w* Appreximaute,

Ther are no long-continued records of rainfall at points in the White River basin, but from the Smithsoniaun
rain-charts I should estimate the average downfall for the entire basin at about 134 inches in spring, L1 in summer,
10 in antumn, 9 in winter, and 434 for the year. The amountfor the upper basin seems to be slightly less in each of
the seasons, and is about 39§ inches for the year. No aceurate determinations have been made of the volume of flow
in the viver, Major Suter states that the discharge in ordinary low water may bo taken as approximately 3,000
cubie feet per second menr the month, and 50,000 cubic feet per second in ordinary high water. During the
examination of the upper river in 1870 its volume was measured by Mr. A, Livermore, assistant engineer, and found
to be 264 cubic feet por second at o point 67 miles, by river, below Forsyth, These various results may be thus
presented:

Discharge of the White river.

Vol fClthic
olumo foet por
Loculity, D‘;&%}:‘g“ cubic l'c(;_t, aecond por Romarka.

* Iporsecond.} square

mile,
Kq. miles

Moutl: OFf TIVETr cveerniacvaniiiain. 27, 025 B, 000 0.1074 | Ordinnry low water, ng estimated by Majov Suter,
Mouth of TIver aieeeanisnncrrnncnras 27, 025 60, 000 1. 7010 | Ordinary high wator, as estimated by Major Suter,
Bixiy-soven milea bolow Torsgth .. B, 511 264 0, 0480 | Moasurement by A, Livermore, Riversaid to hnve beon lower at the time than over before.

The meager railroad facilities, and lack of time for slower methods of traveling, prevented me from gaining full
information as to the value for power either of the main river or most of its tributaries. I judge, however, that
the upper portion of White river presents real advantages for usein its rocky bed and banks, considerable fall, and
a volume of fair gize. The freshet rises are sudden and large, but probably no more serious than on many rivers
in extensive use, Hitherto there has been no demand for power in this section, except by oceasional small saw- or
grist-mills, and these have been located upon the little streams, which are more easily and cheaply controlled than
the main river. The difficulty of access, and sparse seftlement, have also been hindrances to development, bub will
gradunally disappear, as the country is being opened up by the Saint Louis and San Francisco railway extension. The
famons Bureka Springs have already attracted a population forming an important town, The only mills on White
river are a small flouring- and grist-mill in Benton county, and a flouring-, grist-, and saw-mill in Madison county.
There are a great many mills on the various tributaries, as shown in the table of utilized powers, but they are all of
small size. Those streams draining the slopes of the Ozark mountains are probably the most reliable and valuablo
of all the tributaries, while those farther down stream, in eastern Arkansas, are sluggish and of little nse.
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Bstimated volume and horse-power of the uppor White river.

LOW WALER, ORDINA. | LOW WATER, AVERAGYE | AVAILABLE 10 MONTHS

RILY DRY YEAR. TEAR, IN AVERAGE YEAR,
Looality. Drainago T Theor
ared. Valumo, “‘f‘?’?gg_‘ml Volume, “‘ﬁ%’lggic“l Valume, Thl(lzgmtical
oulio Toat cubic foet oubio foab 86

oy owor, 10 | owoy, 10 ower, 1
por second. fost hend. |POY goeond, 1‘;“ lend, |Per second, oot Lendl.

. Sq.miles.
Below War Eaglo Fork cveeeennaanne.. revrevasreninann Creaieen Cererrmmraanarnas 070 40 45 70 80 160 . 170
Below KIng's YIVeT. . vreiiiretatsiorsretieinnnrssansussannuessrsesnrsnonsonnans 2,005 80 01 150 170 310 852
Below Jnmes' Fork....... e reneyre o raeans e aara ey PR vorm . 8, 3o 150 170 280 318 600 630
Forsyth, bolow Swan ereok ......... PO [P PSR Cremrnvenanenads 4,468 200 227 850 808 700 795

*Drainago aves below Crooked croek, 6,670 square miles; bolow Buflnlo TFork, 7,050 square milos; below Black river, 20,784 square miles.
Norg—Rainfall on tho upper basin about 12} inches in spring, 10 in swmnor, 94 in awtinom, 74 in wintor, and 803 for tho yoar,

Drainage areas of the principal tributaries of the White river,

Stream,’ Df&‘é}{‘_‘g“ Btroam, D‘;{‘g(‘;{‘f‘“

8q, milea. . Sg.mdles.
Lo Grue Tiver vouae 807 || Bulfulo 0Kk, cvreneranaiinerrinmenenes 1, 846
DBig oreel....... . 860 | Croolked oreok....... . . . 454
Cache rivor..... hhasesseemmsereininns tevvesamaasenunanas veeuan . 1,905 || Big Benvor orook.eerssevess R : 485
Boyou A08 ATCB. cvuransrrenssanronnen Phetenarsrenatansasaruniartennate (AL TG T 218
Littlo RAA PIVOT v vumesrnaniaansannenans ceneas evamannnsanerane 1,243 || Jamea' Tork. covneiiinninna, 1, 354
Black rIvor cvusvreennrrerronvacin vermannsenssnae 8810 | King'srivor........ amneaas cambrane 610
O Tork oovivinanrnns searvmmnsan vernereianres varnas wasenemaneay venue 687 || War Englo Fork...... weeeertatheinane e rrnas PR PR . 844
Blg Noxth Fork..eeeunsannn vedvnanreneen Cewmeensneranan vevesannenriunas 1,800 | Drodn and West Forke, above W’m‘ Taglo Torl .. ceanvncsrrnean 635

La Grue river drains portions of Prairie and Arkansas counties, and enters White river from the west. Its
upper courso is through what is called Grand praivie, said to be almost destitute of springs.

Big creek runs through a low region on the east side of the main river, heavily timbered, swampy, and subject
to overflow.

Cache river draing o long narrow strip, similar in eliaractor to the country just deseribed.

Little Red river (@) runs casterly through Van Buren county, and sontheasterly through White county, emptying
into White river from the wost. It is about 95 miles long DLy general course, and draing a rolling prairie surface
with considerable timber. For nine months in the ycar small boats can aseend the river 80 miles, to West Point,
and during three of those months advance 18 miles fartlier, to Searcy Landing, At alow stage the amount of water
flowing is small, and navigation is ebstructed by shools, snags, and leaning trees, From Searcy Landing to West
Point the river bed is generally recky, with several shoals, varying from 130 feet in length, with 2.05 feet fall, to a
mile and a half in length, with 0.8 foot fall. The stream is in this section 250 to 300 feet wide between banks, with
a low-water depth of 8 to 9 inches on the shoals. Between the shoals are pools, somo miles in length, with sandy
bed and o depth of 2 to 16 feet. Tho banks are wooded, composed of firm clay, and range from 25 to 40 feet in
height above low water. In places where the river approaches the blufly the banks are rocky, steep, and high.
The country adjoining the lower river is heavily wooded, and is overflowed during high water.

Low water oceurs in July, August, and September, A fresheb rise of short duration takes place in spring,
usually in May or the latter part of April, and there are occasional short rises in fall and winter. The oscillations
are often very rapid, and it is said that the river will sometimes rise 15 or 20 feoh in twelve hours, and again within
an equal length of time regain its former level. The highest recorded freshet was that of 1867, when the rise was
380.3 feeb at Searcy Landing, and 29.3 feot at West Poinf.

THE BLACK RIVER.

Black river is the principal tributary of the White, having a length, by general course, of about 170 miles, and
a drainage avea of 8,810 square miles, Its source is in Iron county, Missouri, a short distance west of the headwaters
of the Saint T rancis, and the two streams run approximately parallel, Blaclk river empties into the main stream
in Jackson county, at the point where the latter changes its course from southeast to south. After entering
Arkansas it receives several tributary streams from the northwest, which also head in southeastern Missouri, and
which, together with the main Black, drain the southern slope of the Ozark mountains, This portion of the basin
is rough and broken, well-timbered with pine and owk, and contains valnable deposits of iron, lead, copper, and

a Information obtained from report by Mr. Justin Straszer. See Report Chief of Tingineers for 1871,
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zine. The lower river is very winding, and runs through low bottom-lands subject to overflow; the high lands
beyond are cultivated and yield good crops of cotton. The valley is thickly timbered with cypress, white oak,
black walnut, and, in Missouri, poplar.

The river is navigable to Cerning in ordinary water, and it is designed to extend navigation to Poplar Blufls, (a)
to which even now some boats ascend in high water, and which is a shipping point of some importance for lnmber.
The Saint Louis, Iron Mountain and Southern railway follows the general course of the river, seldom more than a
fow miles distant from it, and mueb of the way skirting it closely; with this exception, the Black River basin has
no railroad facilities, The country is rather sparsely settled and contains no large towns; Pocahontas, Corning,
and Poplar Bluff are the most important places on the river, but the latter of these, which is the most populous,
has only about 800 inhabitants. ‘

: Blevations on the Black river,

Mo Trall Distance Tall
Locality. lﬁ‘(;’cent;g[‘\‘ botween | Detween | botwoen
“ | points. points. points,
Teet, Feet, Dliles, |1t permile,
Ml Spring® coeeenmnneerianniaane, 418 § 101 14 o, 07
Near Poplar Blaffd.ocoeiniiiaavinnnas 817 o
MOULE OF FIYOTG - aareansesrennsennnns we |} 1311 0.80

* Low wator by lovels of Suint Louis, Iron Mountain and Southern railway,

t Map woasuromoent,

1 Low water at crossing of Saint Lowds, Iron Mountain and Southorn railway.

§ Estimated from olovationat Saint Touls, Tron Mountain and Southern railwny crossing bolow,
|| From government engineors' report,

At Poplar Bluff, and for some distance above, the average width of the river is about 150 feet; the banks are
rather low, and suceeeded by bottom-land. Tarther up stream, however, the banks are higher, the bed is gravelly,
and there is o swift current, with numerous shoals. The Black, Little Black, Current, Eleven Point, and Spring
rivers ave said to have a general similarity. They are used only to a very small extent for power, but thero are a
considerable number of mills, in the aggregate, on their various minor tributaries; they are mostly flouring. and
grist-mills of small size. These streams are clear and swift running, with gravelly beds in their middle courses
and considerable rock in the upper waters, They are largely fed by springs, ave steady in flow, and would furnish
powers of good size. Some of the springs in this portion of Missouri are of sufficient volume to immediately
supply power to small mills, At Mill Spring, in Wayne county, a mill is ran in this way by water from a large
spring which gushes out from the base of & bluff only a few hundred feet away. There iy said to be another
mammoth spring at the source of Spring creek.

Aside from the poor railroad facilities, the main objection to the larger tributaries of the Black and, indeed,
to that stream itself, for power, lies in their being visited by heavy freshets, during whieh they overflow the bottoms
extensively, and inflict much damage upon the farming lands by washing out the soil. The overflows are not so
gerious in the upper waters as below, and it is those portions which are, therefore, most favorable to use. At Mill
Spring, on Black river, the range of the latter between extreme high and low water- is 19 feet; near Poplar Bluf
it is 22 feet, and near the mouth 31 or 32 feet.

Tstimated volume and horse-power of Black and Current rivers.

LOW WATER, ORDINA- | LOW WALER, AVERAGE | AVAILABLE 10 MONTHS
RILY DRY YEAR, YIAR, IN AVERAGE YEAR,
Drainago
Locality. aren. Volume, |Theoretieall oo, Theoretienl] worpme, Theorotiesl
oubio fooh ,51‘2239']0 oubio feet )(l)"“;’(;f:,“'lo cubia fech “])’\%‘;?'m
vor sogoud. | fugpyaag, persocondd fugp ead, |Pers0eond | fugg hond,
BLAGK RIVER, Sq. miles.
AL SPHNE. e e neeerennemaanrsa it emann e nan—naannas fevnnerenenees e 1,008 150 170 180 204 240 218
Poplar Blufl.wareeiinnaannen eessseietessieumanusetsatatenseasans e anas 1,816 100 216 280 201 820 864
CURRENT RIVER.
Above Jaclk's Fork.eioaiiaennnian Neassiieuenmamansevasnanan e 784 110 126 140 159 100 o 218
VAN BULGN ceanervaoncavancenvensasrannessnnsnnascsnsananass Cameerusans N 1,730 250 284 310 8562 420 n
Doniphall cavenevanrnenaan reaensananas Mecnancesmaseseessnunvrannrasarneetenannen 2,388 360 308 420 477 580 (i)

NoTR.—Drainnge svoa of Current at mouth, 2,036 square miles; Elevon Point, abovo junction with Spring, 002 square miles; Spring river at Canton, 1,034,
and below Lleven Point, 2,088, square milos; Strawberry, at mouth, 740 squaye miles. ' ’

@ Major W, M, H, Benyaurd, corps of engineers, estimates the expense of improving the stream from Poplar Bluff to the mouth ab
$80,000; $15,000 was appropriated by Congress in 1880, (Seo Report Chicf of Engineers, 1880,)
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Power utilized on the White river and tributaries,

127

Total
Stroam. Tributary to what. State. County, Kind of mill, ﬁ,‘;}‘ﬁ’l‘g f;?i‘%‘:‘.}d. pi‘g};ﬂ?b p
wheels.
Feot,
L2151 7, J .| Arkanasns...... P Arkensas......... Benfon vovvvanann vosnnn- Flour, grist, and saw..... L 14 30
Do...... PP I Washington BOW ens v werreenas PR 1 8§ 12
Black coavenens Missouri, .| Wayne ... Flour and grist .. 1 15 18
Do .ounen . LT .| Reynolds . Y [ O, 1 4% 10
Steawberry ... .| Arkansas.. ..| Lawrenco. Cotton-gin . 1 [ 20
DO vivanannns FRTY: (e Sharp..... .| Tour and grist .. 1 8 15
well0 cunaiianinun: Trard euen.... Y (. 1 [ 16
1 (L TwWrenoo. .u.yenas [ PR [ RPN 1 7 7
B Y Sharheeeiven.. [P P (R SR 6 45 03
o P 1 e BIW i ceinnans 8 224 a9
o, vevomnlonnetl0 siiianrinnnn sneea. | Cottonegin....... detrenues 1 7 10
BATY A7) PO [ 3111 ) Y 1 [} (i
cernellD ceiiriniananevneena | JPlonr and grigb.....a..... 1 6 30
R S 2 16 36
a 12 36
FO N 2 W 40
. | Tlowy, grist, and anav...... 1, 7 o4
J RIDIOY cvvminmariienn B (N 1 5 25
PO Y Flour mma grist .. ) A 20
o, .| Bhonnon veevee e vesune [STAT N 1 [ [
Curront. . JRIPIOY ceae v i ed] Flonr and grist ... 2 10 o
R 1) R PR | {4 R RPN Itlony, grist, and anw...... 1 0 14
[T ) S SHAMNON . anieaavs. verens Flowe and grist oo eevnnenn. 8 274 a6
. P11 S MRTR 1T B R | 2 11 14
PPN () RPN PN | [ IR B & 1111 L TSP O R ) 12 17
PR P T [ SO, PR Y (¢ S vraesen Trlouy, grist; ond suw...... 1 0 63
R [ B werenn veorll0 comrnnrcennnn] BUEOY chiiiiniian e Flowrand gelsh ..o, 1 ki 10
Black.....e tansreansrrnans ArTeansag . .ovvrens Indopondenco..vesvnans eeedlo oaiiis [T, 1 8 20
[ (I PRSPPI PO [ SAPRURSPORRRINN i £ 113 11 711)) | S, 4 Woolen ceavenciennn , L L .
do .. veo| Missourd.... 21301 1) R, Tlour and grist ... 1 7 12
5 1 R PRSI I [ PP MY U IR | Roynolds cereeviveeanan, auenfloL. 2 18 48
DO cireiiiiiii e ansnnnas F T P M ({1 IO . R PR [ B, wo| BAW vaeeeveinnrninns % 2| 62
DO cvneramnencmunensnanss|eoaefld vievinnevevervanivinnnidonn, 20 veuas . Trom ... venne] Tlowr and grist..... 1 [} 18
Big North Tork ..... [T, .| White ... PO PO I' I Douglas .. wanoll) sisiunnaonsnunavanaen 2 20 16
B8 G O R DUV {4 S [P PPN 1 S, ... do BRI evaravacirunssnniine, P A O 20
Bustdry sLronms cooveveseenen, Blg North Iork. ceeenvannans [T . PR IR () R N [ 1 PPN 1 5 10
DO cvennnanas Ceveemanae venelld ciipanenaias wrvuasfonarllD cremneivunen eeaado TFlouy, grist, and 80W. euen. 1 a 82
Do.oieae [ S R covalreedllO s iains velonaeO cinniirciineinnes | Flour nud grist. oo vecnnn b 85 18
Tamos Fork eoursnennanerenan o WHELS vevivaerens [T TRTRRN PR A0 anuen weranns Chefstion «ueau eeimnan R P 1 [i}) 12
Sundry streams ......... RPN 111311 T 1 RN U ;| SO YT BLONO cavmvirmrennrvmanasfean@0 . innn vernnramamearnes i o7 100
DO wicaiinicninnanans PPN PO 1 IR PT [ET TN R 0 cevernns veeed| BRYLY vanveuniinniane eorfeanellOusniaanins imruan 8 18 28
L femaann B L PP P PN RN [ e [T Y { TP PPNPIN B X SRPPPRT PP crmmarecas 1 ] 20
A0 v ivvrnnran cerenanenn . Christian «ouvinenns vees.| Tlourand grist...... 2 13 46
N [ Y 1) SRR 1 111 11) ) S, eweous 1 1} 4
Whito ,..... 1 8 ¢
L0 S . 1 10 20
Kings () .uoun 8 26 84
RPN [\ IO 1 7 8
.| Whito ..... 4 85 52
Y O T J Van Buron..ceovesveaanvifoaes 2 pameanes 40
Y PR T R R ) S PR 1 24 15
......................... . Indopendonco. s .vesass WOOION frearvioanrseanns 1 10 8
RN 1) coarflO cicriaarecornuaaan| Tlour ond grigt ..o neen. 8 64g 170
e oll0 vannas PR Y IR veere] BRI srrnaraneaen anns 1 8 25
U1 ORI NN 1! B [ Snw and cottongin.. 1 10 [
P [ R, Tuoad ... | Flourand grist...... 1 7 16
Y (VPN vevmnane Boxter..... wifuesado,, 2 17 25
warllO ceniiiiinnnnn Marion ... ... lo 2 8 40
R [ I .| Boona ..., .. do 3 18 28
well) s v Nowton. Y T 4 76 47
veeetld veeeiiraian veeddlo . Woolen L T 5
Miaspuri. . .| Ozarlke. BAW trrrismnans cnnnsecnan 1 1] 10
weedlo .., L I Flour and grist ceseenaee.. 1 6 10
PR Douglas ..evvaannen Y U 1 7 40
PN [V IR B4 1) 1T O R P 4 243 118
[ P P, A0 e veresvensmnennes-s]| Tlour, grist, and anw...... 1 10 28
PR (1 { Christian vevevocevaneas Tlour and g1i8li ceevenennn, 1 [riceamenas ki
PR ([ TN ! Barry PP 2 28 56
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Power utilized on the White river and tridbutaries—Continued.

Total

n , 5 " ber | Total .
Stream, Tributary to what, State. County. Kind of yuill, ﬂ“n‘;‘n’ﬁ‘ £ n.]lme a D(l)h‘;‘éieo ¢

wheels.

. Fect

Small 6HreAms .con..... 1 16 24
DO cviriiiiaraninn 1 81 8
DO ceveeriiinnirneiemann. 1 10 7
DO cerivrrecncnsnannen [ M. PR | U S Madison «vvevenanne vems| Flour and gllsh wreerrevean 8 liemernvens 52
Do .... ceiraa canell0 riviiinnan | Washington ....co.coaan Wooltn eaverreoncncnannans 1 16 4
Totaleeeriernerenrananes RN P Geamensanrearrnnonn PR PR theravsatemnacionuansnns 180 1,031 2,140

THE CANADIAN RIVER.

This river, the largest tributary, in point of area drained, of the Arkansas, is formed by small streams rising
on the castern slopesof the Rocky mountains, near the boundary between Colorado and New Mexico. From the
source of Vermejo creek, in San Francisco pass, it runs for about 140 miles in a direction somewhat cast of south ;
it then turns and pursues a winding easterly course across the northwestern portion of Texas and a great part of
the Indian territory, in which latter it nnites with the Arkansas, some 70 miles by river above Iort Smith. It hag
a length, by general course, of between 700 and 800 miles, and a drainage area of a little more than 46,000 square
miles. The population of this entire area is but about 22,500, («) and it is only reached by railroads at the extreme
headwaters and near the mouth.

The following description is that given by Major Long, who explored the river in 1820, and is taken from
Humphreys and Abbot’s report:

This river has & broad vallay, bounded by Dluffs from 200 to 500 feot high, faced with rocky procipices near its source, and presenting
sbrapt declivitios, interseeted by numerons ravines lower down. It has a spacious bed, depressed but o fow feet below the bottoms, and
exhibiting ono continued stratum of sund througlh the groater part of its length. If is the channel through which the water of a vast
extont of country is carried offy yot, during most of the summer season it is entirely destitute of running watoer throughout a large
proportion of its extent—a ciroumstance in proof of the aridity of the rogion drained by it. Tifty miles above its mouth, it reccives ab
leegt two-thirds of its water from its principal tributary, denomingted the North Fork, This fork rises Letween the Arkansas and
Canadian, and has » meandering course of about 700 miles. Six miles above the fork just mentioned another tributnry enters the

Canadian, called tho South Iork, about half as largo as tho other. Notwithstanding the supplies afforded Ly thoese two tributaries, the
Canadian has not a sufliciency of water in summer to render it navigable even to their months,

Major Long further describes the river as bordered by fertile bottoms near its mouth, its valley containing an
abundance of timber for 200 miles above. Passing still farther westward, however, the soil becomes sandy, even

in tha bottoms, vegetation is secant, and the waters of the river are bracklsh from the plesenco of common salt and
sulphate of magnesia,

Drainage aveas of the Oanadian river and tributaries.

Drainngo Drainngo
Btreatn, nrun..g Stream. uren.g
Sq. mdles. 8. miles.

VErMEI0 OTe0K. e venruirsnattrnanuuinentesvoreerssnnnaranasasesansnnnn 504 TALIO 1IVOT caereriainr e ciirnncasiarasannsenurnas vesnuee [ wssean 042

CIMALTON TIVET vavuiiinnenarsseincnesioenvnsrieniommnnsensncereausanns 1, 000 South Fork....ceevecnnn semrmemrra e trrevesmnraenntennnananes 824
MOLS TIVO e euenncesrnnanns memrenusmEuaatnr s pansnay W ennrannns 1,725 North Fork..c.eeeireiiiaiiecncnnnsnanccsnen . . . 16,122
Rio Conchas TIver vvvveneenrrnvenaan [ .. 1,108 Canadian, at Fort Butler, below Arroyo dola Cinta. evu.vvnavnvesaes 8,482
T8 OPBBK caan e rerecanccanceramnsesennennserannasannnans . 1,079 Canadinn, below Deer creek. ...... . 20,219
Deer eretK. cvuraar eaasannes Cresmmaniensienasaa amene e rneuraronnas 812 ' Canndian, at 0Uth. . o vvvirivnrervanamenansans ceneenmrnanrr ey . 40,221

THE NEOSHO RIVER. ()

Rising in Morris connty, in eastern Kansas, the Neosho takes a southeasterly and then southerly course, and
entering the Indian territory joins the Arkansas at Fort Gibson. It is 260 miles long by general course, and has &
drainage area of 12,746 square miles, comprising portions of Kansas, Missouri, the Indian territory, and a small
part of northwestern Arkansas., The surface is mainly prairvie, and is exceedingly rich farming land, especially in
the bottoms; the principal productions are wheat, corn, and oats. The river is quite thickly I‘rmgecl with timDer,
which forms a belt 1 mile to 5 miles in width, narrowing in the upper course; the more comwmeon varieties of trees are
black walnut, cottonwood, sycamore, hickory, pecan, burr-oak, black oak, and soft maple. The timber is said to be

a Statistics by Mr. Gannett in Census Bulletin No. 78, b Also called Grand river.
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found most plentitully on the east side of the stream and this is ¢laimed to be a common feature with the rivers of
that section, and is-explained by the prevailing westerly and southwesterly winds having driven the praivie fires
toward the windward bank, while the leeward bank has been protected by the water. Where cultivation has put
an end to prairie fires the timber spreads out on both sides into the prairvie. A good quality of bituminous coal exists
in southeastern IKansas, and is found along the Neosho. Duilding-stone is abundant and valuable, and includes
sandstone, blue limestone, common limestone, and in the upper valley a beautiful white magnesian limestone, so
soft when quarried that it can eusily be sawed, chiseled, or planed, but which becomes hard on exposure. Rich
deposits of lead and zine are also found in the section drained by Spring river, in southwestern Missouri.

The Missouri, Kansas and Texas railway folows the general course of the river throughout its length, and
it is also reached by various other lines. The valley is well settled, and the more important towns on the river,
advancing up stream, are Chetopa, population, in round numbers, 1,300; Oswego, 2,400; Osage Mission, 1,300;
Chanute, 900 ; Humboldt, 1,600; Tola, 1,100 ; Burlington, 2,000 ; lmporia, 4,600, and Council Grove, 1,000.

Llevations and slope of the Neosho river,

8 Tall Distanens Tall
Linenlity. gﬂg“’g%%‘ hotwoen | betweon | bobwoen
a pointbs. pointis» Doints,
Feot. Feet. Miles.  |FU poranile,
LEmporint.ocvescvennerannnerecnesita. 1,101 !
N 5 40 2,03
Burlingbont. ceeenianiiniaaaineiiiinn 1, 050 102 a 040
BLOSNEI VT (11 RPN 054 - -
40 kil 0. 63
Oswogot..... PN 014 ]
{ 414 152 .72
Month of vivord ....... 500

* Moy mensmremont,
+ Lovel of rails, Missourl, Knnsas and Toxas raflway,
1 Wator surfnce, eatimated from clovation of Arviansas rivee ab Missourl, Kansns and Toxas rallway crossing,

The Neosho is quite a crooked river, and meanders back and forth through bottom-land, which ranges from 1
mile to & miles in width, and which rises by successive terraces to blufts of moderate height. Thoe banks are usually
of goil, and are firm ; now and then loose slate and soapstone are exposed where the xiver approaches the hludfs,
The height of the hanks is seldom less than 10 feot, and varvies from that to 75 feet where blufty, The bed in the
vieinity of Oswoego is a shalo, not very firm.  The river is thero 200 feet wide, and 2 to 6 feet deep, in an ordinary
stage; it has a swift current, apd is a snceession of pools and shoals of moderate slope. 1t is generally frozen over
from January to March ; sometimes the ice is no more than half an ineh thick, but in the severe winter of 1880-'81
it formed to the depth of 10 inches.

Unexpected rises may oceur ab any time, but the anuual high water is in May and June, and vesults from tho
heavy raing of that period. The strewm rvises vapidly, often 2 feet or more in a day, and is also quick to subside,
having been known to fall 8 feet in o day at Oswoego; tho greatest recorded rise at that point is 22 feeb. Thebanks
have been overflowed extensively only twice in ton years. During high water the river sets up over the damy
80 as to hide them entirely from view; large amounts of drift are brought down, though not so much, it is said,
as formerly ; it passes over the dams without injuring them. Amn old resident of Neodesha, who formerly lived for
some years by the Neosho, informed me that in 1860 the stream ran dry for six months, and that it was again dry
in 1862 and 1864, Therc have been no such occurrences in recent years, and it is not probable that any will be noted
again, for the country is now broken up by cultivation, the soil rendered receptive of water, and the streams are
thereby made more steady.

There are flouring-mills on the Neosho at intervals all along its conrse above Oswego. = They are reported to
carry from two to six runs of stone each, and to have an abundance of water at all seasons. At Oswego there is u
crib-work dam, filled with stone, 200 feet long and 7 feet high; it rests upon a rock foundation and has crib-work
abutments, The raco iy about 450 feet long, 20 feet wide, and is built out into_the stream, from which it is separated
by & erib-wally it fills up with loose shale and soapstone, and has to be cleaned out every year. ‘With a new dam
10 feet head might be created ab this privilege, but with the present structure only 6 feet is in use. About 60
Lorse-power is employed at Towell & Hall’s flouring-mill.

In its upper course the Neosho recoives from the west Cottonwood river, which runs casterly through Marion,
Chase, and Liyon counties, This is about 80 miles long by general course, and, as shown by railroad levels, falls in
the neighborhood of 170 feet between Florence and the mouth. Tt is about 120 feet wide near the latter, and is used
for power at various points along its course by flouring-mills, The flow is quite uniforny, but the mills are liable to
be short of water in August and September.

Spring river, which drains several counties in southwestern Missouri, joins the Neosho from the east in the
Indian territory, and is an important mill stream. : :
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Drainage areas of tributaries of the Neosho river,

Stream. Drainage Stream, Druinago
Sq. milos, Sq.miles.

Cottonwood, st Hlorence. . ccaeaen.. vervmanenenn vemneneinunnsrnrrenns 598 || Spring river,at month ....,..... teEmsinsesssaNsasausavsvensnnban . 2, 669

Cottonwood, ab Cottonwood Falls. . cveeriairiimaiiacir v neeans 1,860 | BLEYIVOL. acaereinnnivanen 874

Cobtonwood, st motl... - sevnvirasiiirarnoesnsiaaunscnssencnaseieanas 1,084 || Cabin creek..uevensnnnas 609

Spring river, at Carthage -. 472 || Spavina oreck .- 201

Spriug river, at Goeorgin City.. 1,101 || Pryororeok.....c...... 200

Spring rivor, at Empire City....... 1,015 || SPLIDE CPEOK. e entsnnrrsusisraeasacautisnassssncsansennivanine ceananas 291

DBstimated volume and horse-power of the Neosho river.
LOW WATER, ORDINA- | LOW WATER, AVRRAGE | AVAILABLE 10 MONTHS
RILY DRY YEAR. YEAR. IN AVERAGE YEAR,
TLocality, Dﬁ‘lié}ﬁg" Volume, ’.L‘hﬁt‘)’xl‘.eti'oal Volumo, Thiaor.ctionl Volumo, '.L‘hleotaﬂcnl
cubio foop | 089 | eubio foob 01‘%’:.0'10 cubio oot 0‘“0,1"]‘.0'1 0
peracoond. | £y g, {persocond.| fooby dna, |hersccond, &uh head.
8q, miles.

Bolow Cottonwood cewevcvneraerannensen veremanans veareneamnmrevasnnas wanmasiane 2,720 60 08 110 126 180 204

LOoROY.uireivarnnes S 8,212 70 80 130 148 220 250

TLRmBOIAt .« cnure emuncnsnasmnmanancacrssssussanmacavannsarannanne whumemavrr iy 4,121 110 126 160 182 280 818

OBOLE MIBEION . 1 reressmnrenancsnssas ransssnessernnnsnsnessusrorsanssnnasesnns 4,00 180 148 180 204 310 852

QaWOED ecnrverarsecrernncncan g AP b, 228 150 170 200 nay 850 808

Nori.—Avernge rainfuli on tho section considered about 10§ inchos in spring, 14 in summer, 8 in autumn, 6 in winter, and 88 for the yenr.
Power utilized on the Neosho river and tributaries.
Total
Stream. Tyfbutary to what. Btato. County. Kind of mill. %?‘g“;iﬁ}: mﬂf ?12:31(1. n})“%‘if’a ¢
whools,
Foat.

N8O, cuvavuvansvoruvevmmans| ATKANBAB. wannenasonnreeen| KANAAS conrsnennss Labotte..oenesisneannes. Tonr and gristi.eeeens . 1 0 60
Do cievinennnnn vanslO vuvenvnaosnad] Chorokos .oaen.. 1 4) 10
DO vanens lewnefld cnninninanan Noosll0 vevnnanraurss 2 14 ¢

PN {1 S FLN 1) | R [ | [ Y rameannes 2 15 145

JRORPRY o RO RN [ S, v ennnes| Furniture ..... wenrierasay ) R PO 45

PR 1 S Woolon..coneennnssns 1 % 18

PR 1) R Tlour, grist, and snav, 1 8 b8

Tlonr and gristi...... 1 14 180

Flour, grist, and 80W...... 1 8 a0

voaellO cemiirinanns ansvnns 2 18 110

.1 Flour and griat . ... 1 8 85

veando . 1 8 75

Cherolkos RN 4 203 140

................ JRPY [ SN Mlssouxl..........| Jaaper... cererenafonandlo . . 8 42 362
R | S, [} PR . JPURRRN SR | I SRR TFlour, grist, and 80W.vwan. 1 7 a7

. RPN U SN BOAW teanuncransanrannanns 2 18 80
4 T ) PO A V. 1 8 18
DO eerecnrarcrnnnmann 8 28 02

Sundry small sbroams ...... . 8 24k 100
Do ...vue [T PR vas 1 11 20
Do vinenrrrrrercsuniannnan 1 i 40
8 L . veamanas . Lawrenco 1 [t [
Do ... .| Nowton 8 i3] 228

PN S U 1 8 70
weuflo oaeel h R O 8
N I N I Barry 1 10 10
DO eivenvanvnnrancvinannes R < 1 TP Y [ .| Floar and grist..even.n. 3 48 64
1 L P I8 I T U X MeDonald veanll0 i 2 16 &7
DO eenreenvarmmmcanrneeess [OOSR pemnesasuas . PN 1 Four, grist, and S0W..nw.. 2 10 167
Noosho ...... Y Y T R PO 1 7 s

Y (N Flour and grist .. 1
PO 1 TP SAW eeveruounen 1 } 0 120

A PN . Furniture cveeescrmencnens 1
-do el crenannenree e[ BAW e 1 5 8
penallO traveniii s R 1 O Flour nnd grisb. voeoiines 1 Th 80
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Power uttlized on the Neosho river and tridutaries—Continued.

Total

Stream. bt hat. State. ! 4 3 p Number | Total horse-
Stroam Tributary to what. Stato County Kind of mill of mills, | fallused. | power of

W heols,

Feet,
Cottonwood cueeceanes | NOOSIO tvnvvervnveansnnrnnns Kansng, seanencnnf ChASO.coieaiiiL Flour and grist..eee...... : 3 29% 170
Do ennrinannnsns ceenllO e O TN Marion ....... FEPRY [ IRPTOR PO 2 104 00
Small streams ........ Cottonwood...eremeeeuenane. RN T O RN [ RO o 1 " 28
DO ernrreeraenncasannans Ne08hO ¢-errnernnvenannraans PR [ I Cramves Labotte . vaeannamennaiifeaaellO e, 1 4% 16
BUMMARY,

Neosh0.auissnsevnnnnes R ArKangns «veeeesairecnnnnnes 15 100 804
Small streams . «.... eevemrnone] NOOBNO cureneruanviernnnn . 1 43 16
Spring ceecennann vevnmneaanas J 17 1243 084
Small strenms .vo..vun HIE 1301 Y, 2% 216 760
Cottonwood vuenrenaen NeoBIO vevvevnnmenrninennns 11 70% 50O
Small stropms ....... . Cottonwood....... SN [P 1 14 o8
1) P T PPN i1} 534} 2,821

TITE VERDIGRIS RIVER.

This stream heads in the southeastern part of Chase county, Kansas, and, following a southerly courseinto the
Indian territory, empties into the Arkansas only a mile or so above the Neosho. Itis 190 miles long by general
course, and draing an area of 8,010 square miles. Its principal tributaries come from the west, and are ag follows:
Bird ereek, draining 1,228 square miles; Caney river, 2,221 square miles; Blk river, 677 square niles, and Fall
river, 848 square miles. The Verdigris basin, in Kansas, at least, is good farming land, but the crops ure said to
suffer from extremes of rainfall, which is excessive in some yoars and vory deficient in others. The railroad lines
cross the river at considerable angles, and do not, therefore, give as good facilities along the immediate course as
the Neosho enjoys. 'The more important towns on the river are Independence, 2,014 inhabitants, and Neodesha,
with 924,

The Verdigris is about 120 feet wide at Neodesha in an ordinary stage. This strenm and Ifall river are said to
be similar in character, and are used for power to about the same extent, there being severol flonring- and grist-mills
on each. They are subject to great fluctuations in volume. In fall, or late summer, they run very low for two
months, the lowest stage nsually being reached about the first of October. High water oceurs from May to July,
with a maximum in the middle or latter part of June. The freshet rise is extreme, and is even stated to have been
40 fect in one instance, Both rivers have generally rocky beds, composed of limestone and soapstone, and are
inclosed Ly banks rising 20 to 40 feet above Jow water. These are occasionally overflowed, and have been so
three times since 1869, IPall river is possibly even more unreliable than the main stream, and in abouf every
alternate year runs extremely low. In 1868 it ran dry for two or three weeks. In 20 miles by straight comrse, or
perhaps 40 miles by river, it is said to fall 100 feet,

The earlier dams on the streams in this section are described as having been generally constructed of brush
and logs. They answered well enough in a full stage of water, but admitted a serious waste in low water. The
present dams are of various types—Dbrush, framed, or stone, usually., They frequently meet with injury, where not
properly constructed, most often from the water washing around their ends. The mills are reported to be troubled
in many cases by flooding, not having been located sufficiently high above the water,

Bstimated volume and horse-power of Verdigris and Fall rivers.

TLOW WATER, ORDINA- | LOW WATER, AVERAGE | AVAILABLE 10 MONTHB
RILY DRY YRAR, YEAR, IN AVERAGE YIAR,
Drainagoe 1
Looality, " ! 8 y !
¥ fren. Volume, Thﬁ%’;g'l‘}_““l Volumo, |- hﬁ%ﬁgﬁ_“"‘] Volume, Tl)l?gig(t:cal
cubio foet ower, 10 anbie fca]l': owor, 10 cubio feet ower, 10
porseeond. | g Jpersccond. | fiy drg por seoiond.\ ot Liond,
« VERDIGRIS RIVER.
8q. miles,
Middletown ...... rmmtamasstenmanssnanaTerrannn Vereeraaanens e 766 10 |- 11 & 23 50 67
2,003 80 34 G0 68 180 148
2, 830 50 67 80 1 180 204
TFALL RIVER,
Charloston veveveencenn oo eewsestensas snmnennarnnananss eeveemrasrrenreanns 538 b [ 16 17 80 84
Mouth 0 FAVOL . vuneuscaernassanssosarannssensnasnvancs vanmnmeeen vonasananrren B 848 10 11 25 28 60 67

NoTR. —Approximate rainfall on the seotion considered 10 inches in gpring, 14 in summer, 7 in autumn, 53 in winter, and 36§ for the yorr,
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Power utilized on the Verdigris river and tributaries.

Total
Stream, Tributary to what. State, County, Kind of mill, : ﬁ“,{;ﬁ’g fnl'll‘(:lt&}d. p}“{:‘g‘of
wheels,
Feet,

Kansns ......v....| Montgomery...coea..... Tlour and gristi.....ouy.., i 41 188
veeefl0 v ivieineunnl) 'Wilson . 1 8 2%
. [ FR vane 4 a2 131
5 T RN - do o, Greenwood L 343 67
. ceesll0 tevnesesvnaa] Montgomery.... . 1 ki 18
Do [ 1 ) (RN £ T+ S, Chatdugu veeesnveinn. . 4 31 48
Do - o b A P 30
Do ..o i 6 13
o -..do .| Flour and grist..c.ouee... 5 60} 198
Totalisserenneennennnrfrnmacsrnennessen cneuurimanstinraan b bmanas 20 210 63D

SUNDRY TRIBUPTARIES OF THE ARKANSAS RIVER.

Tilinois river joins the Arkansas from the northeast, just above the mouth of the Canadian; its basin comprises
1,470 square miles. The stream heads in the northwestern corner of Arkansas,in Benton and Washington counties,
where its upper waters supply power to a number of small mills, It is described as a fine stream, fed from the
mountains, clear and constaut in flow, and averaging near the mouth at least 100 square feet in cross-section, with
a current of 3 miles an hour. :

‘Walnut creelk runs southerly through Butler and Cowley counties, in southern Kansas, and joins the Arkansas
at Arkansas City. It is about 75-miles long by straight course, and drains 2,005 square miles. There axe goveral
flouring- and grist-mills on the stream, the lowest of which, located at Arkansas City, has a fine and expensive
stone dam.  The mill carries five runs of stone, and obtains sufficient water for about five months in the year to
run at full capacity, but uses steam as auxiliary power the remainder of the time; the head on the wheels is 8 feet,
At Winfield thero are two mills, one supplied through a tunnel about 75 feet long, which has been run across the
neck of & bend; 65 horse-power is used, with a head of 8% feet. There i a fall of about 57 feet batween Winfield
and the mouth, ox say 2.5 feet per mile. In some years the creelk furnishes sufficient water throughout to the lower
mills, while in other years the supply is entirely below their needs. The Walnut is claimed to be a better stream
for power than the prairie creeks emptying into the Arkansas: farther west, so it may be judged that those have
very little value. '

The Little Arkansas river empties from thenorth at Wichita, It answers for small powers, and is used by a
few mills, but the bed is sandy and unfavorable for dams. There was formerly a flouring-mill on the stream at
Wichita; it was subsequently burned, but was being rebuilt at the time of my visit. The Little Arkansas draius
1,287 square miles.

Summaery of power witlized on the Arvkansas river and tributaries.

Total
Stroam, Tributary to what, State, County, Xind of mill, ﬁ-‘:};}’ﬁl n.'i[iolm\a. I’Al‘l’:'lg‘?‘o‘;f
whesls,
Feet,
Missiseippi Konsas .. TFlour nod grist covewennn.. 2 10 135
PN [} Colorado. RPN { R 1 14 40
venudlo v flO ciee o] FROMONE aenrenerarnans eeendl o 1 12 00
o ATEANBAR e avaciananas Ag];tllll;lnna ANADMIB-|.eeiviniicinnncniianas eeer! (Seo dosoription) 130 1,081 2, 140
eilO mameaneari ey Arkansns......... Van Buren..oeeeeaneenn. SUW weviivannravnnnnonsn 1 10 8
..do [T (R, [S101%4 1 ceado.. 1 9 2
.o B SRR I )| (R AU Flour and grist ... 1 13 20
.o, ..do 4 Pope....... [ N T PRI 2 8 8
..do <0 cveneeean| Johmson Lo Y PR 1 [ 80 b2
P (RN PN (+ SRR ceedllouann, . Woolen coveninunns PO 8
-do ... O [ 1 14 20
vernlld e vendlo Lo ] 82 96
7 119 113
. : o B344 9,821
Vordigris and tributaries..... e . oL S RS 2 219 639
Walnut and tributeries ...... - | . vens| Cowley vveaeenn. 3 22 132
DO creevavinranranainnn oo veee Butler sewervniann.. . i 51 160
Littlo Arkanans .cveeeaes... o TATVOY +annrnannenaanns . .. 3 20 80
Sundry strenms ..oo.., ... . .| Barbour ... 1 41 42
DO e nees SUMDEr e ovvvenreanerens 2 17 fin
416
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Summary of porwer utilized on the Arkansas river and tributaries—Continned.

| i . l'l‘ntnl
Stream. Tributary to what. State, County. ' Kind of mill, ?;.“lg‘ill’f:' mﬁ?}é‘gd. po““’,‘;‘f’(‘)r
wheuls.
( Feot,
Kanshs cooeeens oo, Kingman .ueeeeensen cee | Frour and gust.. ... 1 15 40
cenr @0 o R B 31 3O ‘ 1 20 20
P U N Sedgwick «oo. anl . 4 30 [
vannllo e REDO. covvmivaniananons 1 18 kil
PPN 1 B, TOwWneo . ceeneennn 1 hH) 20
Colorado......onu. Lang Auvlwas ... 8 2 85
P 1) SRR B £ § 117) 5 A1) 1) IO, . 8 83 65
PR | [ N B 1 1 34 0
T U DY B &) R, PR I 13 11T T NN 1 20 26
el i P [ RO oo Flour aud grist ..ol 1 12 20
J 1 CUSIET oo s i e e BOW coiviiiiriniraiens 1 14 20
GOhafleo c e P Y IR 2 20 50
Total, Arkansas and nll 288 2, 0083 7,000
tributaries.

X —TIE RED RIVER BASIN.

THE RED RIVER
PHYSICAL FEATURES O LHE GOUNTRY, AND DESCRIPTION OF P15 MAIN RLVER,

Ted river is the most southerly of those great streams which drain the praivie regions east of the Roeky
mountains, and then ind their way into the Mississippt and the Missouri,  In much of its course it is similar to
the Arkansas, Kunsas, and Platte. It vises in the northwestern part of Texas, a little south of latitude 359, and
about 30 miles cast of the boundary hetween Texas and New Mexico,  Adfter running casterly about 200 miles, by
general eonrse, it is joined by the North Fork, after whick the main river receives numerons accessions, mostly
from the north. Tt forms the sonthern boundary of the Indian territory, and for a short distance also divides Texas
and Arkansas; but soon after entering the Jatter state its course changes to the south, and it passes into Louisiana.
Tt flows in a southeasterly divection across that state, and empties into the Mississippi 116 miles, by river, above
the mouth., 1t extends throngh eleven degrees of longitude, and has a length, measured along its general course,
of about 8§10 wiles; it is a very crooked stream, however, and its actual length is probably as great as twice the
above distance, ,

The water-shed lnes of this river eannot be laid down with aceuracy, but inclose an area which T estimate at
about 92,700 square miles, Of this area there is eontained in Texas, 31,800 square miles ; in Indian territory, 25,300
square miles; in Arkansas, 18,600 square miles; in Louisiana, 17,000 square miles, The extent of area drained
above various peints is as follows:

Drainage arees of the Red river,

Locality, ‘1’1‘1‘1‘1“‘;‘ }i _ Toenliy. :::lilllgcl‘o
i s o - e
Above Nurth Fork........ PPN 12, 400 i Abpvo Lo vIver.cocencs cevnananariansn Srvverermanasassranersanaes ] 48, 200
Bolow North Fork . 17,200 || Below Litto viver ...... - ceeievumernnans 71,300
Above Washita viver (Indian territory) 32, 280 “ Abovo Blaek viver........ . . 71,500
Bolow Wanhlta viver . oo iiiiiinnininaeasen . 40, 300 “ Below Black rivor coew.... 02, 500
At Slreveport ... ... 01, 400 .l AEmOntl e rseeneneannes e e e e et s 92, 700

The basin of the river presents great variefy in natural features. That portion about its source constitutes
a part of {ho desolate platean known as the Llano Istacado, with an elevation of 2,600 feet above ‘sea-level.
Bastward, as far as the Cross Timbers, between the meridians of 97° and 980, the country continues barren and
unproductive. Beyond that limit, however, it is fertile, well timbered, and covered with vegetation, In Arkansas,
around the upper waters of the Ouachita, ave low mountains ; {arther south these subside inte Lills, and as we
approach the main river in Louisiana the country becomes comparatively level, and containg a great many bayous
and swamps. All this portion of the Red River basin is heavily timbered, yellow pine, vavions kinds of oak, and
cypress being the prineipal varieties, besides which there are large amounts of black walnut, maple, beech, sycamore,

VoL 17-——27 a7
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hickory, and ash. The soil, and especially the alluvial soil of the river bottoms, is extremely fertile. Cottonis the
great staple of production, but corn, wheat, oats, potatoes, tobacco, and hay are also largely raised. A greal deal
of stock is also shipped from this section to New Orleans. The mineral resonrces are small, though magnetie iron,
ore occurs near the sources of the Ouachita,

The climate of the Red River basin is mild, and on the higher and cleared ground is very healthy. Along the
viver bottoms, with their numerous swamps and luxuriant vegetation, there is the same frequency of chills and
fever as in similar regions elsewhere. The average temperature at different points is given as recorded by the
Smithsonian Institution:

Temperature of the Red River basin.

‘ -~
. vy of . @ ! : o

Locality, Ul};(‘,{_‘;z& om] Spring. | Swower f Autumn, | Winter. Yoar,

o o " Q Q ]
Rapides, Rapides parish, Loulsiang ....... 10 07, 50 80,10 06, 5 53,12 66, 81
Aonroe, Quachita parish, Louisiana . ...... 10 71,68 80,905 69, 30 43, 87 63, 01
'\Vltéhlngtt)ll, Wempstead connty, Arkansus. ) G2, 26 7819 ) 61,20 44, 01 61 06
Fort Towson, Indian terpitory. ooae ool 18 62, 23 78,02 61, 00 FER T 61,50
Fort Arbuckle, Indian terrftory ..., ... 12 61, 5 &0, 228 GL. 67 40.76 61,00
For conntry thenee to sonres (estimated). .o onidinaan i, 78,60 a8, 00 G2 00

The means of communieation in this region must be classed as poor, The Missouri, Kansas and Texas railway
crosses the basin, striking the river in the vicinity of Denison, Texas, some 430 miles by general course above
the mouth. Again, at I'ulton, Arkansas, about 170 miles farther down the river, the Saint Louis, Iron Mountain
and Southern line crosses.  From Shreveport, still farther down, the Texas and Pacific railway runs westerly, but
with the exception of one or two short spurs which touch the outskirts of the basin on the east, there are no other
lines of importance. The water routes ave very valuable, though they might Le much improved. Navigation of Red
river extends to Shreveport, 460 miles by water from the mouth, throughout the year, and in ligh witer boats
have ascended far ubove, into the Indian territory. This upper section has very little depth of water at a low stage,
contains many obstructions, and above the mouth of Bois " Are ereek is not considered to have any possible valne
for vavigation, Althongh steamers of 4 feet draught can reach Shreveport, except in extremely low witoer,
navigation below that point is subject to many dangers and hindranees, owing to its obstrnetion by snags, leaning
timber, and accwnulations of logs in the form of vafts. Work has been earried on for many years past, and is still
prosecuted, by the general government, to the end of removing existing obstructions, and, 8o far as possible,
preventing the formation of new ones. The most famous of these operations have been in connection with the
removal of the great “ Red River raft?, which was last cut throngh in 1873 by Lieutenant 1. A, Woodrufl, of the
corps of enginecrs.  Navigation is also earried onup the Black and Ouachita, and some of theiv tributaries, except
in low water,

In the decade previous to 1880 the population of the Red River basin increased nearly 60 per eent., or from
456,000 to 728,000. It is mainly confined to Louistana and Arkansas, is very mueh seattered, and is composed
chiefly of farmnoers and ptanters.

To come more directly to the river itself, as deseribed in Humplveys and ADbot's report it has its source in the
eastern rim of the Llano Estacade, Through the Llano its cowrse is in a deep and rugged ravine, shut in by almost
vertical sandstone cliffs, rising above it 500 to 800 feet. It here flows over a gypsum formation, which renders its
waters nauseating and nnwholesome. About 8 miles below the point whera it leaves the Llano the river is deseribed
ag “000 yards wide, flowing over a very sandy bed, with but little water in the channel, and fortified upon each sido
by rugged hills and deep gullies, * * * The soil throughout this scetion is a light ferruginous clay, with no
timber except a few hackberry and cottonwood trees upon the hanks of the streams.” Captain Marey, from whose
account the above is quoted, continues: “There is but little water either in the river or in the creeks, and in a dry
season 1 donbt iff there would be any found here.” The North Fork enters the river on the western border of the
Wichita mountains, These consist of detached peaks of a conical shape, evidently of voleanic origin, and present
a grand but desolate appearance. Immediately surrounding these mountains the country is fertile and timbered,
Between longitudes 97¢ and 98° the ¢ Cross Timbers” are meb with, They are a remarkable strip of timber, b to 30
miles in width, extending some 400 miles in o southwesterly direction, from the Arkansas to the Drazos. East of this
point the conntry along Red river is well timbered and very productive. The river itself also changes in character.
Previously it has been a wide stream, 2,000 to 3,000 feet across, flowing with quite rapid descent over a sandy bed,
and of shallow depth—not move than 6 or 8 feet, even in floods. It now winds through an alluvial bottom, hayg a
muddy bed, & slight fall, is only 600 to 800 feet wide, even as far down as the mouth of Black river, and is subject
to oseillations of 40 feet or more. Its character remains substantially the same through the remainder of its course,
In what is known as the “raft region”, in northwestern Louisiana, it is bordered by numerous extensive lakes and
swamps. Ifor the past fifty years there has been o gradual filling up of its mouth, and the consequent throwing

of its waters into what is sapposed by some to have been its ancient and exclusive channel—the Atchafalaya river.
118 )
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The elevations and slope of the river are shown in the accompanying table:

Blevations on Red viver,

— ... | Intorven- ’ Averngo
Loeality. I ""‘é(“tl\m‘ % ing distanceslopo in oot
“ miles,* | per mile,
BUUTEOT e iteivetennereniaencaraenen e et a—a e aieaaas L4600 11 fd 3,81
Missourd, Knnsas and "exas railway crossing, nmth ui‘ Dendgon, Toxasfoe.e.ooiann, figl, 0 3 W )
Saint Louds, Tron Mouatuin and Southoru veilway erosstug, ab Tulton, Arkaneas§ .. RN RS 00 1.02
Same 0t Bigh Witol .. u s e i e v iras e e a e s e RSO n
G 0
Shrevoport, high wittert ... 80,0 |5 ’ %0
‘1‘ Mouth Blaek viver, high wubel ]l 540 } 460 0. 98
Mouth Red river, Uigh walord covveeiiin i it trmevaranr s ratmar ars v cnnas 49,6
Mouth Red viver, Jow witer¥. i iiiniiannianad ) O D

*Of the interve nlm: dmmnouq given, thn ﬂmt in m‘dm s lq care lul mengurement on Colton’s map of ’L‘(s\ns tho seeond ds as given in Major W, IL 1L Benynurd's
report of o reconnaissance (see 1870 Report Chief of Enginecrs); tho third nppoears from Humphreys and Ahbot‘ﬂ report, and the fourth, from Shreveport to the
mouth, is from Major BDenynurd's veport duted July 1, 1878,

1 Blevation as given by Tumphreys and Abhot.

1 Low waler, by Missourl, Kansas and Texas railway levels,

§ Low water, by Saint Louds, Teon Mowntain and Sowthern railway lovols,

Il Seo report Bonrd of BEnglucers in Report Ohicf of Eagineera 1880, page 1285,

1 Bee above roport Board of Enginoers,

“* Levels of preciston under Coast and Geodetic Survey.,

Valuwe for power—As to the actnal availability for water-power of the Red river and its tributavies I can say
nothing from personal observation. The streams were too fnaceessible and plainly of too little value to warrant
spending the time necessary to reach them. By the kinduess, howevoer, of Major 0. W, Howell, of the corps of
engineers, I gained, throngh his assistants, valuable information of n general character regarding theso rivers,
Red river itself is mud to have no practical value for power, even at a distance of 400 miles west of Denison, This
might, indeed, be inferved easily enough from the description proviously given. Ixcept, perhaps, toward the
extreme source, the river is without abrupt falls, but descends evenly and with no very rapid slope.  In the upper
section the bed is wide and sandy, and in a low stage contains little or no running water. The tribnturies which it
receives in that part of its conrse from the pradvies ran dry, or nearly 8o, in summer, and after heavy raing the small
streams are subject to sudden and great loods.

. The employment of the lower main river lor power is evidently out of the question, Al whatare known ns thae
“TFalls of Alexandrian? the river desconds a fow feet, («) but the falls are of no acconunt for water-power, and are
visited with a {reshet rise of 35 to 40 fect. :

The prevailing winds in the Red River basin are southerly, bringing woisture from the Gulf, and resulting in
abundant rainfall over that portion which lies at all north of the Gulf, Tho amount of this precipitation at various,
points is shiown belows

Rainfall of the Ked River basin,

Looality, N 1‘%823&1, Spring. | Sommer, | Antumn, | Winter. Yoar,

Inehes, Inehes, TInehes, Inches, Inches.

i Fort Jesup, Sabine parish, Loulsiong, ..o 10 13,38 10,04 0,70 11,49 " 45,00
i Moaonroo, Onaelidta pavish, Loulsianag .. ...... e L PP ‘ ............ 54, 00
| Washington, Iaapstond ¢onnty, Arkansas. ... 29 15, 04 12,42 w12 1407 04,25
Tovt Towson, Indian torritory. coeeeiovrvann, 14 15,65 14, 80 13,48 ’ 804 61,08
Fort Arbnekle, Tdlian termdtory . ooooonaaooi, ‘ iz &80 | 187 8,02 402 33, 87
Abave Fort Avbueklo (osthuated) ........ PPN RN G.00 6. 00 4,00 t i {li] 10, 00

From these vecords it is seen that the u pper bagin hag a feature common to the rest of the great prairie region
west of the Mississippi and Missouri, namely, & much smaller rainfall in winter than in the other seasons,  As wo
advance down the river its ratio rises, and for the lower ralf of the basin the rainfall both in winter and spring is
greater than in summer and autumn.  The evaporation being vastly greater in the latter period than in the
former, while there iy less rain, the result is to bring abont great unevenness in the volume of the streams, so that
while there is high water Imm midwinter on to early summer, there is a rapidly succeeding stage of ]ow water,
reaching its minimum in late sumwmer or early fall. Itis during Lhe hi gh watcr of winter and spring that navigation

a 3.5 fect in 6,000 foct,
419
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is best ju the main river, and many of its tributaries are not, in their present condition, navigable at all, except
during those seasons. As to the actual volume of flow in Red river, the only data of importance which I have heen
able to find are shown below:

Volume of Red river.

Vol fclil;hic
. olumo et per
n‘;{“.igfm" cubio fodt | second par Remarks,
- porsecond, | squaroe
mils,
8yq. mdles,
92, 700 220, 000 2,378 | Dischargo in tho great fiood of 1851, when standing at Alexandrin 1,1 foot below the highest point atteinod in 1840, (Seo B
' ! of Board of, Enginccra. . 1286 of Report of Ohief of Tingincers for 1880.) i ! (Bea Zeport
02,700 57, 000 0.615 | Mcan dischargo as given by Humplhroys and Abbot. Ratio between drainage and rainfall stated aa 0.20.
02, 500 10,778 0.117 | Gauging mado by divection of Major Benynaurd, below the mouth of Black river, whon Red river was nenr its low.wator mark.
(S0 p. 1208, Report Chicf of Ingineers for 1880.)

TRIBUTARIES OF THL RED RIVER.

The tributaries which Red river receives from the south in Louisiana have no importance for power; thoy
consist of a net-work of sluggish streams and bayous, the latter serving as high-water echannels, The Louisiana
gtreams tributary to Red river from the north, with the exception of the Ouachita, have likewise no value.
The conntry through which they flow is heavily timbered with pine, and toward the novthern part of the
state rises into hills 200 to 330 feet high. The whole distriet is very sparsely settled, so spavsely, indeed, and so
poorly provided with means of communication, that there is even very little entting of timber. The streams ave
bordered by rieh alluvial bottom-lands, varying from o few hundred feet to three-quarters of u mile in width, and
during freshets spread out for miles in width over these and the adjoining country. They arve said to have quite a
rapid fall, over gravelly beds, but the country drained Ly them is almost devoid of springs, and in summer the
streams, having to depend upon surface drainage, go nearly dry, The only water-powers used are employed by a
few scattering grist- and saw-mills, and perhaps occasionally a cotton-gin, but these powers are, for the most part,
available only in high water, The names of the more important tributavies of the Red river, and their drainage
areas, are given in the following table. The areas are only approximate, for the lower basiu is so cut up by bayous
that it is impossiblo to say just whers the water-shed lines should ran. Of those streams, Black viver, which is
formed by the Guachita and Tensas, is navigable throughout. Thae Ouachita, its main tributary, will e separately
deseribed further on,

Dributdries of the Red river (in order from the sowree).

NWamo of atream, Drainago nrm.\

Square miles.
Balb TOTIE o vaei e i et ceent i inaara 1,740
North Forlt..ooon oo veiiiiiicin i aeeeeas 4, 800
Cacho ereekt veveeveeriei i e 2,000
Big Wichitn vivor covvveriiiiviiiianeiiiainnainn, 2,040
Big Beaver creek .......... 870 '
TLittle Wichita creek, ...... P 1,300
RO CIO0K a v mniacarrvimeamaneraanns . 030 4
‘Washita viver (Indian tervitory) ...... cevreeened 8,100
RETERTCR 3 . 700
BOBET OPOOK «varen venvescnsarrernsiasiasseenersnn. ! 2,760
Timighi river .ooveiiereniiiiiniians [P : 2,820
Littlo river (Indian territory and Arkansas) ...... i 3,060
SUIphur Fork. veer et it t 3,770
Cypress creek, ut head of TPorry lako oo ‘ 1, %60
Bayou Badoan, inelnding Swan ko..oevoans. } 1,020
Bayou Dawchitte, including lake Bistincan........ - 1,810
Blaek Lake bayou, below wonth Saline bayou. ... l 1,390
Little river (0f Louisiana) c.vevr v ieoncrciavnvinenas . . 3,100
Black river, including the Quachita and Tenany .. 21, 000
|

THE OTAQHITA RIVER,

This is the most important stream tributary to Red river, as well as the greatest in extent of urea drained. it
rises in the Rich mountains, in the northwestern part of Polk county, Arkansas, only a few miles from the western
boundary of that state. It runs casterly throngh Polk and Montgomery counties, after which its general direction

Decomes southeasterly, and remains so through Arkansas. It enters Louisiana about 50 miles west of the
I¥ale}
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Mississippi river, ag the boundary between Union and Morchouse parishes, and, taking a more soutlierly course
than before, unites with the Tensas on the eastern border of Oatahoula parish, to form Black river. By using
measurements given in the report of United States engineers, and by carveful measurements of the remaining
distance on the land-oftice maps, I find & length of 580 miles for this river, whicl is, doubtless, considerably under
fhe trath. Its length, measured by general course, is 320 miles. It drains an area of about 19,000 square miles,
the general surface features of which have been sufficiently deseribed in connection with the Red river. Its basin
comprises the greater part of southern Avrkansas, and a large portion of northern Louisiana, TIts extent above
different points on the river is as follows:

Drainage arcas of the Quachite river.

Laocality. : Square milch." Locallty, Square miles.
Crystal ITil], Montgomery county, Arkansas .....coocenee Cewmeinans 850 A CamUOn e v et s e 6, 600
Tareld, Aontgomoery COUntY cvooreneeveeiinerninanse 1, 000 Above Bayon Moro 6, B60
Mulvern, ot Springs county s 1, 630 Bolow Bayou More 7,400
Alove Caddo ereck. vavvveneranescnss 1, 010 Abovo Balino viver..oooaniins o . 7,540
Below Caddo ereck .ooveininiiiinaa.s 2, 800 Boelow Saline rivoer 1\\m"\
Above Little Missourbaiver . 9 840 A A ONTO6. e et it et iaarae PR 10, 050
Bolow Littlo Missouri viver. oo iminienia ol R G, 030 Abovo junction with Tensas Bayom..oocv s, 19, 050»

Arlcadelphia, about 380 miles by water above the wmouth of the river, is regardéd as the head of steamboat:
navigation. L[t isso, however, only during high water, and in medimn stages boats do not pass above Camden, sowe:
300 miles from the moutl,  In very dry seasons the river runs extremely low, and is practically not navigable, Mnjof'
Benyaurd has reported, however, that by the improvement of Catahonla shoals, below Columbia, navigation could
be assuved to that point, say 70 miles from the mounth, throughout the year, Lhe original design for improving the
Ouachita contemplated @ system of locks and dams, estimated to cost about 1,163,000, and some appropriations
wers wade by the general governmenb for carrying out the plan, Tt was soon abandoned, and since then work
has been mainly confined to,the removal of smags,  TFrom Mareh 3, 1871, to June 14, 1880, 251,000 had been
appropriated to this stream,

From Rockport to Arkadelplia the viver is deseribed by My, Justin Straszer, civil engineer, us rnuning over
a gravelly bed covered with bowlders. (@) Overhanging trees, snags, and sunken logs abound,  The bottoms ave
Leavily timbered, and in high water are overflowed 2 to 10 feeb deep.  ITeavy rains in the mountains above sometimes
cause sudden oscillationd™of 15 to 25 feet within half a day or & day in thig portion of the river. The banks are
15 to 25 feet high, and are firm,  “Where the high uplands strike the river tho lowest strata of the bluffs expose
rocky ledges, which erop out frequently and form at times part of the river hed.”

From Arkadelphia to Camden the river averages about 460 feet in width between banks on the shoals, Toward
the Louisiana line its average width between banks ig about 600 feet. Through these sections the river is winding
in its course, and rung through alluvial bottoms, heavily timbered and containing numerous cypress swamps.
During high water these bottoms are, as a rnle, extensively overflowed,

The elavations and slope of the Onachita are shown in the accompanying table:

Tlevations on the Ouachita river,

. Mflgs from | Foot sbove | Average
Loc\nlit; ' mouth, tide. fitlolrhx;iﬁgb

Extromo 800000 * .vrerinenanciuisnas 581 |(1) 2,000, 00 'l
Arkadelphin, high watort ..oeveran.. 480 187,94 9,156
Arkadelphin, low waterf ... 380 101, 50 J
Camden, high watert..... 304 §118. 60 1 112
Camden, low water] .. cavveneaas . 04 70,50 J
Mouth Bayon Dartholomew || «..uene. 148 03,00 } 0.10
Monroe]l. coveneiiniiieaentncaneaans 122 88,00 o
Harrisonburg, high wator  ......... 16 07,00 } 0.20

* Blovation glven by Lioutonant Whipple {quoted by ITumphreys and Albbot.)
t Lovel of water surfaco wheroe crossed by Saint Louts, Iron Mountain and Seuthern raflway, by profile of thab road.
{ Lovels Saint Touis, Tron Mountain nnd Southorn railway. . '
§ With roforence to this elevation J, I Morley, 0aq., chief engineer of the Saint Louls, Iron Mountain and
Southern railway, wrote me as follows : “ Tt isn curfons fact that the Quachita river ab this point, among the hills,
should Do lower than the Mississippi ab Avkansas City, duo east thorefrom, where high water is 145 fret above
tido wator, but well verified lovels nttest tho fact."
|| High water by railvead lovels (quoted by Tumphreys and Abbot).
¢ Humphreys and Abbot, Delta survey.

o Report Chicf of Engineers, 1871, o1
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The river being navigable to Arkadelphia, only that portion above can be considered with reference to water-
power, Between Arkadelphia and Rockport the descent of thestream is small, probably not exceeding, on theaverage,
2 feet per mile. The extreme oscillations in this part of the river, (¢) and the consequent flooding of the bottoms,
render it very unfavorable to use for power. Between Malvern and Arkadelphia, the main line of the Saint Louis,
Iron Mountain and Southern railroad follows the stream, giving very direct connections with Texas on the one hand,
and with Little Rock and Saint Louis on the other. Nearly the whole of the section of river we are considering
lies in Hot Springs county, which has a population of about 7,800; Malvern has about 1,200 (?) inhabitants, and
Arkadelphia, which lies in Clarke county, about 1,500.

Above Rockport the river rons from the west, and its course lies among low mountain ranges, which hem it in
pretty closely, but nowhere rise above it more than 300 to 600 feet. In the vicinity of ITot Springs the rock is
largely slate; what is known as Whetstone wountain is mainly composed of novaculite rock, which is largely
guarried and exported for manufacture into whetstones, honestones, and slabs for use in engraving.  In thissection
there is also found a large deposit of magnetic iron ore lging immediately beneath the surface. Garland county
has a population of about 9,000, of which 3,600 belongs to Hot Springs. On accounti of its springs the latter place
has become a famous resort for people from all parts of the United States. It lies among low mountains in o
narvow valley, through which runs a small stream, called ot Spring creel, its waters at a summer temperature of
1072, It receives contributions, within the town, from more than fifty mineral springs, the waters of the different
ones ranging in temperature from 100° to 1482 Fahrenheit. ot Springs lies-about 6 miles north of the Quachita,
and is econnacted at Malvern with the main line of the Saint Louis, Iron Mountain and Southern railway by a branch
25 miles long. Tor half that distance the railroad lies less than 2 miles from the river, and occasionally approaches
it closely.

Thronghout the upper portion of its course the fall of this river is quite rapid ; there ave no abrupt descents,
but suecessivo riftles, with hers and there o quiet streteh intervening. The stream is less than 200 feet in width
between banks, and has a rocky bed much of the way, very favorable to dams. I was informed by the surveyor of
Garland county that there are numerous good sites to be found, naturally well suited to the location of mills, and
out of reach of high water, It is stated that at some points 18 feet fallis available within half a mile. Thestream
is utilized at only one or two points in its whole length. The more important of these is Thornton's mill, § miles
from ot Springs ; a fall of 9 feet is employed, power being supplied to a small two-run grist-mill, & cotton-gin, and
a saw-mill.  The utter absonce of all railroad facilities above ITot Springs would preclude, at present, any important
use of the stream for power, even if there were no other obstacles. Probably the true reasons for {he small
employment of wator-power in this seetion ave the sparse population, almost entirely devoted to farming, their
inaptitude for manufacturing pursuity, their distance from important markets, and their lack of capital. As
described by Humphreys and Abbot, the Quachita has its source in sterile, mountainous prairvies; toward the
headwaters of the Littlo Missouri, howover, these disappear, the soil becomes more fertile, being adapted to potatoes
and small grains, and timber abounds, incloding cousiderabls tracts of pine and black oak. The extent to which
cotton is raised in the Ouachita basin may be inferved from the report (b) of Major Benyaurd, corps of engineers,
who states that during the fiscal year ending June 24, 1879, the amount of cotton shipped down the Ouachita from
the conntry along the main stream and its tributaries, Saline river, Bayou Bartholomew, Bayon d’Arbenne, and
Little river, reached 179,700 bales, with a value of $7,188,000. The basin of this river also yields largely in comn,
wheat, and tobaceo.

In the vieinity of ot Springs the widtlh of the Ouachita between banks ranges from 150 to 200 feet, but in
very low water the stream scarcely covers its bed, and can easily be walked across in places. Its water-shed being
rocky, with abrupt slopes, the river is subject to great oscillations; it vises rapidly after a heavy rain, sometimes
coming up 10 or 15 feet in a single night. Iumphreys and Abbot quote Darby as saying of this river:

Fewrivers differ more in the quantity of water nt different seasons than the Ouvachita. Flowing from o hilly or mountainous tract,
more constancy might bo expected in the column of water; but though the places drained by the Little Missouri nnd Foureho Caddo
are not deflcient in springs, yeb thoe oxtensive region toward the seurees of the Ouachita has littlo water except what is supplied by raius
in winter and spring, When the parching heat of summer has dried the country above the mouth of the Little Missour, the Ouachita
becomes very low as far south as the head of Black rivor.

If we tale the record kept ab Washington, Hempstead county, as applicable to the upper basin of the Ouachita,
its temperature is about as follows: Spring, 620; summer, 78°; autumn, 61°; winter, 45°; year, 61,59,

There are no long-continued records of rainfall in the upper Ouachita basgin, but from the Smithsonian rain
charts I estimate the precipitation as follows : Spring, 15 inches ; summer, 12 inches; autumn, 11 inches; winter,
12 inches; total for year, 50 inches. While the temperature is considerably above freezing in winter, it is mach
lower than that which produces the great evaporation of summer; again, the rainfall during winter and spring
is, in the aggregate, 4 inches more than in the remainder of the year. We thus, naturally, find high water
prevailing during the former period, followed Ly decreasing stages during the summer and antumn, My, Straszer,
in his report previously referred to, states that high water sets in about December 1, and a fair stage continues on
through the spring freshets. Low water begins in J une, the lowest stage being usually in Angust and September.

a Tluz ;'gnge between extreme high and low water at Arkadelphia is 26§ feet. b Sea Report Chief of Engineers, 1879,
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Two gaugings have been made on the Onuachita, with the purpose of finding its low-water volume, 1 am
informed by Major Benyaurd that, in a report to Colonel W. F-Raynolds, in 1872, Clement Smith, assistant engineer,
stated that he had gauged the Ounachita at Monroe, when the river was some 10 or 12 inches above its lowest stage,
and found the discharge about 800 cubic feet per second, e deduced that the low-water discharge at Monroe was
abount 600 cubic feet per second, and that at Camden the discharge could not be over 400 cubic feet per second,

In 1874, Mr. Darham, assistant engincer to Major Benyaurd, gauged the river at Camden, and gave the
resulting low.water discharge at 353 eubie fect per second, The results of {these various gangings and estimates
may be thus presented:

Gaugings and estimated volume of the Ouachita river.

? } RAINPALL ON TRIDUTARY Alka, (lubio
T F OSSR N 11111511 TSN N (111 YT
Lovality, ! Duainngs | ‘ : cubie fnel aecoml per Remarks,
) Luren i ‘ - | v perseeond, | sgnare
; ! Spring, | Swmmer. | Antumn, | Wintern 1 Year.s ’ ! 1{1110.
— LR SR LN — S SRS I S
! Sq. miles, | Inches, Ineches. Inehes, Inehes. ‘ Inehes, .
! 5, 600 ’ 18 12 11 12 ‘ 0 i} 0,083 | Low waber, ns estimated by My, Durbam, 1874,
G600 | 15 1@ 11 12 o ] 0,071 L‘i‘;‘ water, s estimaled by Clement Smith,
i ‘ | W ;
16,050 | 17 12 1t 14 3 Lo 0,047 ¢ Low water, as estimated by Clement Smith,
18, 630 i 17 19 11 "o i 00 0.030 | Ganglug by Clement Smith; deer 10 or 32
‘ : I t Inehes aliove Jow water,

The following table gives my estimate ol the volume and corresponding horvse-power at several points on the
upper Ouachitn,  The estimate is for the constant low of the river, indepondent of stovage afforded by dams:

istimated volume and horse-poweer, Upper Quaelita river,

LOW WATER, ORDINA. [ LOW WATER, AVERAGE | AVATILADLE 10 MONTIIS

RILY DRY YRAR, YEAIL IN AVERAGE YEAR.
Dralnago :
Tocality. , m‘m.". Volume, | Vheoretleall oo (Fheovelieal] v 00 Theorstieal
Ue T hoveo- A I YISV O £ Grse-
cubio luet sowor 10 cublo feet Lower 10 ouhie foot Mower 10
persecand. lunt hoad, [PV HECONd | foi ], [Devsecond. lltmt fhend.
Sy, miles.
Cryatal L, Montgonuery county 350 10 11 20 o 45 il
Haroll, Montgomery county ... 1,000 G0 67 80 ool 170 108
Malvern, Hot Springs county 1,030 0 102 150 170 800 a4t
Below Caddo eveek. cevsnnvnen 2,300 150 170 220 an0 440 600

The more important tributaries of the Ouachita, in order from the source, with their drainage areas, ave as
follows :
Square miles,
Y )

L0 LTI v vn et e eesree tmmmna v mas eyl aneosnumns smmnce tanssronsnns tunsern

Little Missouri viver cooveevnnann eeerv e Ceeeener manna s P P 2,190
SIACKOVOLE CTCOTE sauavn ceer iev e vrancarane rmacan e marnsar s tawanr s vnea i e w e e ear ke an 540
BayouMoro....ooevvnnnns R e emmansarmaaaae e e e e ae e deee meme e 4o e e n et caan e aaan 570
SN PIVOL caas e vmen srvvanvnas coannsamas sumass neonns He s ea e mrn e n s R A £ 1}
Bayou Bartholomow «oaeveiaan. Cereereanena esrmenaaaann PR 821511
BATOW TiOUELD «ev e venims cecarn cmenmeussnne smevanssnana hmmas semonnranmus sonnoanansnesonssonsnanas snensaeroe 440
Bayou DPATDONNO i it e ievame et e e e et im it e e enaaneaan N 1,910
Bayou Bocul o oo inenircaeaaanan U O P A K1

I have very little detailed information regarding any of these strenms. In their lower courses they would be
found altogether too sluggish to Le of valne, and in their upper waters they bhave too little volume to carry any
but small powers. Thero is an oceasional small grist- or saw-mill to be found on their upper portions, cr on some
tributary; otherwise they are unused for power, The larger of the streams in the above list are navigable during
high water for some little distance above their mouths, but without exception they are either very poorly or not a
all provided with railroad facilities. The upper waters of the Saline and the lower course of the Little Missouri
are crossed almost at right angles Ly the Saint Louis, Tron Mountain and Southern railway; Bayou Dartholomew
and Bayou Doeuf arve also crossed by short lines running to the Mississippi, but the other streams are not even
touched by any railroad.. :

Tittle Missouri river rises in the southeastern part of Polk county, Arkansas, It flows southeasterly and joins
the Ouachita 25 miles above Camden, In high stages it is navigable about 68 miles (by river) above its moutl, to

Antoine ereek, TIn this distance it averages about 300 feet in width between banks. Its courselies thr?jgégh alluvial
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bottom-land, 4 to 6 miles in width, covered with Leavy timber, canebrakes, and cypress swamps, and intersected
with bayous. Some of the bottoms are above the reach of freshets, and ave cultivated. As a rule, however, thay
are overflowed 3 to 10 feet deop during high water. A large part of the territory drained Dby this river is ¢ blac,k
land ”, 100 to 200 feet thick, underlaid by the Cretaccous formation. It yields 1,800 pounds of cotton in sced, and 60
to 70 bushels of corn, per acre,

Saline river is formed by small forks rising in Saline and Garland counties, Arkansas, 18 to 20 miles north of
ot Springs, and 40 to 45 miles west of Little Rock.

Its course is southeasterly, and afterward southerly, joining the Ouachita on the eastern bovder of Union
county, 10 miles north of the Louisiana line. Its drainage area is 3,430 square miles. . This stream was examined
and reported upon, in the winter of 1878-79, by Mr. Zeph ITarrison, civil engineer. (¢) He states the length of the
river to be about 485 miles., The Saint Louis, Tron Mountain and Southern railway crosses the stream at Benton,
in its upper waters. For 225 miles below that crossing the river is tortnous and full of shoals, its bed and banks are
gravelly, and its course is obstrueted by many jams ot timber and drift.  The bottoms bord(*rm g the stream are very
productive and yield good erops of cotton and grain, The valley of the stream and the 1‘1(1"'0& on cither side arve
covered with a heavy growth of valuable timber—white oalk, yellow pine, and a great many other varieties. The
stream is not used for water-power, and does not appear to Le favorable to such employment, In the lower river
the fall is estimated at about 5 inehes per mile.  The Saline is said to be navigable 70 or 80 miles from its mouth
in high water.

The character of the upper portion of Buayoun Bartholomew may be sufficiently judged from rhe following
deseription by Mr. M. L. Lum, civil engineer:

Tho prineipal souree of the bayon is Bird’s spring, silvuated among the pine hills in the westerly part of Jefferson county, and distant
16 miles northwest from Pine Bluft, Before reaching the Louisiana line the bayou flows through Jefterson, Lincoln, Drew, and Ashley
counties, tonching Desha and Chicot counties on the wost, tho genaral counrse being parallel with the Arkansas river, at distances from it
varying from 15 1o 80 miles,  The curvent is very slnggish, thero being vory fow places where the velocity is 2 miles per hour, and the
corrse of the bayon execedingly tortuons,  In the visinity of Fine Bluﬂ' the Avkansag river is distant only 4 miles frem the bayow, and
ut its highest stago Las been kunown to flood the intervening country, and here it is proposed by parties interested in the hayou to have o

caval cut, thus rolieving the Avkansas viver, in o moeasure, ab its highest stage, and increase the eurrent in the bayou, therehy yemoving
gomo of the ehstructions and benefiting tho health of the peoplo along its banks.

Tor a distance of 2¢ miles below Pine Bnfl, on the right bank of the bayon and adjncent to it, are found Lluffs &0 feet in height,
covorod with pine and gerub-onlk, with soil of a mndy nature, while cn the opposito side it partakes of the character of the Arkansas River
valloy, tho soil being in most places whab is termed “buckshot?, and the land Deing overflowed in high water for o distanco of ene-lalf
mile hack from the hayou, tho overflow having an extensive growth of gum, eypeess, water-onk, and hickory.

Dower utilized in the Red River basin.

Total
Strean, Tributary to what, Stalo. County, Kind Ofnlc‘;]tixlllrg}‘ g ‘I,\In]x‘):xilﬁeﬂ\ fngll‘(::égd DI‘\(’\’)«T‘M
wheels,
Feot.

ITot Springs cveve vunees Cotton-gin veoeevuncnnnn 1 ] 20
Tavland ... [ETTPFTRION Flonr, grist, and saw. 1 0 37
RN {4 5110 1 20 25

'[Tnlom...... vmanasnmans JTlour nad grist vuaviveavas 8 25 24

ORACHIt anaerinnenan] BAW eaues rerenerenrrernes 1 1] 18

Hempatond Y (T rrvaairaaany 1 ] 24

P Y [\ R, Tlour and grm 2 15 2
J Dallas oo venndlo. 3 20 87
BT B, . va 1 0 20

Grntvaneescncsnsennneaf Cobtomgin.coiiaein.. 1 8 30

Saling....... [ Saw 1 8 22
Flour and grist . ..oeuenns 1 9 15

P L P 8 85 102

. llour, grlat, ond 80W..on.. 1 15 2%

Cottonm.eerueiancannn 1 10 48
Cotton-gin..oerevanneanans 9 15 k]

Baw . eareivsana e, 1 18 80

TFlour nml gxlht vaenes 5 20 81

Garland. voaflo 1 20 15

Y1 Saw . 1 M 15

[P (1 P .| Tones aud whetstones. ... 1 1w 20
Montgomery Flour and guist....cvmicen 5 00 08
j70) ) Flour, grist, and 8aw...... 1 6 16

................................. 890 422 718

o Chief of Enginecrs' Report, 1879,
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Summary of the total utilized power on the western tributarics of the Mississippi river, below Dubugque,

Numl Total ;Eotnl

3n umber | Total 10THO-
Seotfon. of mills. | fadl used. [ power of
whoels,

1 Feet.

1 Engtornt Towa Bl0Pe «coveevevniisnenss 840 2,812 | 15,410
¥ Eastorn Misaouri slope ..eovvunooanen Lii] 852 1, 460
Missourd River basin . cocvenevencnns 581 6, 584 a1, 012

Arkansag River hasin .cecevecrecnens 288 2, 6084 7, 000

Red Rivor bagin .e.voevannnniianas 80 422 778

T U 1,821 | 18,278§ | 45,702
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